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EXECUTIVE  SUMMARY 

This  report  presents  the  results  of  a  treatability  study  (TS)  performed  by  Parsons 
Engineering  Science,  Inc.  (Parsons  ES)  at  Elmendorf  Air  Force  Base,  Alaska  to  evaluate 
the  use  of  intrinsic  remediation  (natural  attenuation)  with  long-term  monitoring  (LTM)  as  a 
remedial  option  for  dissolved  benzene,  toluene,  ethylbenzene,  and  xylene  (BTEX) 
contamination  in  the  shallow  saturated  zone  in  the  vicinity  of  Hangar  10.  Soil  and  ground 
water  contamination  is  known  to  occur  at  the  site,  with  contamination  being  present  in  the 
dissolved  and  gaseous  phases  and  as  residual  light  nonaqueous-phase  liquid  (LNAPL) 
within  the  aquifer  matrix.  There  is  no  evidence  of  mobile  LNAPL  (free  product)  at  this 
site.  This  study  focused  on  the  impact  of  dissolved  BTEX  on  the  shallow  ground  water 
system  at  the  site.  Site  history  and  the  results  of  soil  and  ground  water  investigations 
conducted  previously  are  also  summarized  in  this  report. 

To  collect  the  data  necessary  for  the  intrinsic  remediation  demonstration.  Parsons  ES 
and  USEPA  researchers  collected  soil  and  ground  water  samples  from  the  site.  Physical 
and  chemical  data  collected  under  this  program  were  supplemented  with  data  collected 
during  previous  site  characterization  events.  Ground  water  contaminant  and  geochemical 
data  strongly  suggest  that  anaerobic  biodegradation  of  fuel  hydrocarbons  is  occurring  at  the 
site  via  denitrification,  iron  reduction,  sulfate  reduction,  and  methanogenesis.  In  addition, 
the  data  also  suggest  that  aerobic  biodegradation  is  occurring,  although  due  to  low 
background  DO  concentrations,  this  process  is  not  as  significant  as  anaerobic 
biodegradation. 

An  important  component  of  this  study  was  an  assessment  of  the  potential  for 
contamination  in  ground  water  to  migrate  from  the  Hangar  10  site  to  potential  receptors. 
The  Bioplume  II  model  was  used  to  estimate  the  rate  and  direction  of  dissolved  BTEX 
movement  through  the  shallow  saturated  zone  under  the  influence  of  advection,  dispersion, 
sorption,  and  biodegradation.  Input  parameters  for  the  Bioplume  II  model  were  obtained 
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from  previous  site  characterization  data,  supplemented  with  data  collected  by  Parsons  ES 
in  conjunction  with  personnel  from  the  United  States  Environmental  Protection  Agency 
(USEPA)  Robert  S.  Kerr  Environmental  Research  Laboratory.  Extensive  site-specific  data 
were  used  for  model  implementation.  Model  parameters  that  were  not  measured  at  the  site 
were  estimated  using  reasonable  literature  values. 

The  results  of  this  study  suggest  that  dissolved  BTEX  contamination  present  in  ground 
water  poses  no  significant  risk  to  human  health  or  the  environment  in  its  present,  or 
predicted  future,  concentration  and  distribution  Parsons  ES  therefore  recommends  that 
intrinsic  remediation  with  LTM  be  implemented  for  dissolved  BTEX  contamination  found 
in  ground  water  at  this  site. 

To  verify  the  Bioplume  II  model  predictions.  Parsons  ES  recommends  using  four  LTM 
wells  and  three  point-of-compliance  (POC)  monitoring  wells  to  monitor  the  long-term 
migration  and  degradation  of  the  dissolved  BTEX  plume.  Regular  sampling  and  analysis 
of  ground  water  from  these  sampling  points  will  allow  the  effectiveness  of  intrinsic 
remediation  to  be  monitored  and  should  allow  sufficient  time  to  implement  engineering 
controls  to  contain  the  plume  if  BTEX  compounds  are  detected  in  the  POC  wells.  Based 
on  modeled  contaminant  fate  and  transport,  these  wells  should  be  sampled  on  a  semiannual 
basis  for  at  least  10  years.  Along  with  other  analyses  used  to  verify  the  effectiveness  of 
intrinsic  remediation,  the  ground  v  „,er  samples  should  be  analyzed  for  BTEX  compounds 
by  USEPA  M'"»hod  SW8020.  If  BTEX  concentrations  in  ground  water  u  jm  the  POC 
wells  exceed  the  federal  regulatory  standards  of  5  micrograms  per  liter  (pg/L)  for  benzene. 
1,000  pg/L  for  toluene,  700  pg/L  for  ethylbenzene,  or  10,000  pg/L  for  total  xylenes, 
additional  corrective  actions  may  be  required  to  remediate  ground  water  at  the  site. 
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SECTION  1 

INTRODUCTION 

This  report  was  prepared  by  Parsons  Engineering  Science,  Inc.  (Parsons  ES)  and 
presents  the  results  of  a  treatability  study  (TS)  conducted  to  evaluate  the  use  of  intrinsic 
remediation  (natural  attenuation)  for  remediation  of  fuel-hydrocarbon-contaminated  ground 
water  at  the  Hangar  10  site,  Elmendorf  Air  Force  Base  (AFB),  Alaska.  Previous 
investigations  determined  that  fuel  hydrocarbons  had  been  released  into  the  soil  and 
shallow  ground  water  at  the  site.  The  main  emphasis  of  the  work  described  herein  was  to 
evaluate  the  potential  for  naturally  occurring  degradation  mechanisms  to  reduce  dissolved 
benzene,  toluene,  ethylbenzene,  and  xylene  (BTEX)  concentrations  in  ground  water  to 
levels  that  are  protective  of  human  health  and  the  environment. 

As  used  in  throughout  this  report,  the  term  “intrinsic  remediation”  refers  to  a  risk 
management  strategy  that  relies  on  natural  attenuation  mechanisms  to  control  exposure  to 
risks  associated  with  contaminants  in  the  subsurface.  “Natural  attenuation”  refers  to  the 
actual  processes  (e.g.,  sorption,  dispersion,  volatilization,  and  biodegradation)  that 
facilitate  intrinsic  remediation. 

1.1  SCOPE  AND  OBJECTIVES 

Parsons  ES,  in  conjunction  with  researchers  from  the  United  States  Environmental 
Protection  Agency  (USEPA)  Robert  S.  Kerr  Environmental  Research  Laboratory 
(RSKERL),  was  retained  by  the  United  States  Air  Force  Center  for  Environmental 
Excellence  (AFCEE)  to  conduct  site  characterization  and  ground  water  modeling  in 
support  of  intrinsic  remediation  with  long-term  monitoring  (LTM). 
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The  scope  of  work  for  this  project  involved  the  following  tasks: 


•  Reviewing  existing  hydrogeologic  and  soil  and  ground  water  quality  data  for  the 
site; 

•  Conducting  supplemental  site  characterization  activities  to  determine  the  nature  and 
extent  of  soil  and  ground  water  contamination  and  to  collect  geochemical  data  in 
support  of  intrinsic  remediation; 

•  Developing  a  conceptual  hydrogeologic  model  of  the  shallow  saturated  zone, 
including  the  current  distribution  of  contaminants; 

•  Determining  if  namrally  occurring  processes  of  contaminant  destruction  are 
occurring  in  ground  water  at  the  site; 

•  Performing  contaminant  fate  and  transport  modeling  based  on  site  hydrogeologic 
conditions  using  the  Bioplume  II  model; 

•  Evaluating  a  range  of  model  input  parameters  to  determine  the  sensitivity  of  the 
model  to  those  parameters  and  to  consider  several  contaminant  fate  and  transport 
scenarios; 

•  Determining  if  naturally  occurring  processes  are  sufficient  to  minimize  BTEX  plume 
expansion  so  that  ground  water  quality  standards  can  be  met  at  a  downgradient  point 
of  compliance  (POC); 

•  Developing  remedial  action  objectives  (RAOs)  and  reviewing  available  remedial 
technologies; 

•  Using  the  results  of  modeling  to  recommend  the  most  appropriate  remedial  option 
based  on  specific  effectiveness,  implementability,  and  cost  criteria;  and 

•  Providing  an  LTM  plan  that  includes  LTM  and  POC  well  locations  and  a  sampling 
and  analysis  plan. 

Site  characterization  activities  in  support  of  intrinsic  remediation  included  soil  borehole 
drilling  with  soil  sample  collection  and  analysis,  monitoring  well  installation,  and  sampling 
and  analysis  of  ground  water  from  newly  installed  and  existing  monitoring  wells. 

Site-specific  data  were  used  to  develop  a  fate  and  transport  model  for  the  site  using 
Bioplume  II  and  to  conduct  a  preliminary  exposure  pathways  analysis.  The  Bioplume  II 
model  was  used  to  simulate  the  movement  and  BTEX  in  the  shallow  saturated  zone  under 
the  influence  of  advection,  dispersion,  sorption,  and  biodegradation.  As  part  of  the  TS, 
this  modeling  effort  had  three  primary  objectives;  1)  to  predict  the  future  extent  and 
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concentration  of  the  dissolved  contaminant  plume  by  modeling  the  combined  effects  of 
advection,  dispersion,  sorption,  and  biodegradation;  2)  to  assess  the  possible  risk  to 
potential  downgradient  receptors;  and  3)  to  provide  technical  support  for  the  intrinsic 
remediation  with  LTM  remedial  option  during  regulatory  negotiations,  as  appropriate. 

Biosparging  and  natural  contaminant  attenuation  with  LTM  were  evaluated  during  this 
TS.  All  hydrogeologic  and  ground  water  chemical  data  necessary  to  evaluate  these 
remedial  options  were  collected  under  this  program;  however,  the  field  work  conducted 
under  this  program  was  oriented  toward  the  collection  of  hydrogeologic  data  to  be  used  as 
input  into  the  Bioplume  II  ground  water  model  in  support  of  intrinsic  remediation  with 
LTM  for  restoration  of  fuel-hydrocarbon-contaminated  ground  water. 

This  report  contains  nine  sections,  including  this  introduction,  and  five  appendices. 
Section  2  summarizes  site  characterization  activities.  Section  3  summarizes  the  physical 
characteristics  of  the  study  area.  Section  4  describes  the  nature  and  extent  of  soil  and 
ground  water  contamination  and  the  geochemistry  of  soil  and  ground  water  at  the  site. 
Section  5  describes  the  Bioplume  II  model  and  design  of  the  conceptual  model  for  the  site, 
lists  model  assumptions  and  input  parameters,  and  describes  sensitivity  analysis,  model 
output,  and  the  results  of  the  Bioplume  II  modeling.  Section  6  presents  a  comparative 
analysis  of  remedial  alternatives.  Section  7  presents  the  LTM  plan  for  the  site.  Section  8 
presents  the  conclusions  of  this  work  and  provides  recommendations  for  further  work  at 
the  site.  Section  9  lists  the  references  used  to  develop  this  document.  Appendix  A 
contains  boring  logs  and  well  completion  diagrams.  Appendix  B  presents  soil  and  ground 
water  analytical  results.  Appendix  C  contains  model  input  parameters  and  calculations 
related  to  model  calibration.  Appendix  D  contains  Bioplume  II  model  input  and  output  in 
ASCII  format  on  a  diskette.  Appendix  E  presents  comments  regarding  the  draft  version  of 
this  report  and  the  responses  to  those  comments. 
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1.2  FACILITY  BACKGROUND 

The  Hangar  10  site  is  located  in  the  south-central  portion  of  Elmendorf  AFB.  This  site 
is  part  of  an  area  referred  to  as  Operable  Unit  (OU)  4  West  under  the  Air  Force 
Installation  Restoration  Program  (IRP).  In  earlier  phases  of  IRP  work,  individual 
buildings  were  investigated  as  potential  source  areas,  and  Hangar  10  was  known  as  source 
area  SD-24.  Figure  1.1  is  a  site  location  map  showing  the  position  of  the  Hangar  10  site 
relative  to  Elmendorf  AFB  and  the  surrounding  area.  Figure  1.2  is  a  site  map  showing  the 
layout  of  the  Hangar  10  area.  Locations  of  potential  sources  are  presented  on  Figure  1.3. 
Several  potential  sources  have  been  identified  in  the  area,  including  petroleum,  oil,  and 
lubricant  (POL)  pipelines,  a  pump  house  (Pump  House  2)  and  a  valve  pit  for  the  POL 
lines,  and  a  1,000-gallon  underground  storage  tank  (UST)  with  unknown  contents,  located 
immediately  southwest  of  Hangar  10. 

For  the  purposes  of  this  work  plan,  the  Hangar  10  site  refers  to  an  area  that  includes 
Hangar  10  and  the  plume  of  fiiel-hydrixarbon-contaminated  ground  water  extending  south- 
southwest  from  the  area  immediately  southwest  of  the  hangar  to  the  east  and  southeast  of 
Hangar  8.  Soil  and  ground  water  contamination  in  this  area  was  first  observed  during  a 
Phase  III  stage  3  remedial  investigation/feasibility  study  (RI/FS)  (Black  &  Vsatch,  1990). 
Several  additional  IRP  investigations  that  included  the  Hangar  10  site  have  been  conducted. 
The  results  of  these  investigations  are  covered  in  several  reports,  including: 

•  Stage  3  RI/FS  (Black  &  Veatch,  1990); 

•  IRP  Site  Summary  (Battelle,  1991); 

•  Draft  OU4  Limited  Field  Investigation  Report  (CH2M  Hill,  1992); 

•  Management  Action  Plan  (Jacobs  Engineering  Group,  1993); 

•  OU4  Final  Management  Plan  (Radian,  1993); 
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•  Basewide  Monthly  Water  Level  Data  Package  for  January  1994  (Jacobs  Engineering 

Group,  1994a); 

•  Basewide  Monthly  Water  Level  Program  Fourth  Quarterly  Technical  Memorandum. 

Period:  October  -  December  1993  (Jacobs  Engineering  Group,  1994b);  and 

•  OU4  Remedial  Investigation  Report  (Radian,  1994a). 

The  site-specific  data  presented  in  Sections  3,  4,  and  5  are  based  on  a  review  of  these 
documents  and  on  data  collected  by  Parsons  ES  and  researchers  from  the  RSKERL  under 
this  program.  A  full  synopsis  of  other  site  characterization  activities  conducted  to  date  is 
provided  by  Radian  (1994a). 


1-8 


022/722450. 1 19.WW6 


FINAL 


SECTION  2 

SITE  CHARACTERIZATION  ACTIVITIES 

This  section  presents  the  methods  used  by  Parsons  ES  and  RSKERL  personnel  to  collect 
site-specific  data  at  Elmendorf  AFB,  Alaska.  To  meet  the  requirements  of  the  intrinsic 
remediation  demonstration,  several  investigative  techniques,  including  soil  and  ground 
water  sampling,  were  utilized.  Soil  sampling  was  accomplished  during  this  investigation 
using  hollow-stem  auger  (HSA)  drilling  in  conjunction  with  continuous  split-barrel 
sampling.  Previous  investigations  conducted  at  the  site  utilized  standard  HSA  drilling  and 
soil  sampling  as  well  as  sampling  of  ground  water  via  monitoring  wells  and  HydroPunch® 
sampling  devices.  Ground  water  sampling  was  accomplished  during  this  investigation 
using  newly  installed  and  previously  existing  monitoring  wells.  Aquifer  tests  conducted 
previously  at  the  site  included  pumping  tests  (Radian,  1994a). 

In  addition  to  the  work  conducted  under  this  program.  Radian  (1994a)  collected  soil  and 
ground  water  data  as  part  of  an  RI/FS  for  OU4.  Data  collected  by  Radian  and  data 
collected  under  this  program  were  integrated  to  develop  the  conceptual  site  model  and  to 
aid  interpretation  of  the  physical  setting  (Section  3)  and  contaminant  distribution 
(Section  4). 

The  physical  and  chemical  hydrogeologic  data  listed  below  were  collected  during  the 
field  work  phase  of  the  TS: 

•  Depth  from  measurement  datum  to  the  water  table  or  potentiometric  surface  in 
monitoring  wells  and  monitoring  points; 

•  Location  of  potential  ground  water  recharge  and  discharge  areas; 

•  Stratigraphic  analysis  of  subsurface  media; 

2-1 


022/722450, 1 19.WW6 


FINAL 


•  Dissolved  oxygen  (DO),  nitrate,  ferrous  iron,  sulfate,  methane,  chloride,  and 
total  organic  carbon  (TOC)  concentrations  in  ground  water; 

•  Temperature,  specific  conductance,  reduction/oxidation  (redox)  potential,  total 
alkalinity,  and  pH  of  ground  water; 

•  BTEX  and  trime7thylbenzene  (TMB)  concentrations  in  ground  water; 

•  BTEX,  TMB,  and  total  petroleum  hydrocarbon  (TPH)  concentrations  in  soil;  and 

•  TOC  concentrations  in  select  soil  samples. 

The  following  sections  describe  the  procedures  that  were  followed  when  collecting  site- 
specific  data.  The  applied  drilling,  soil  sampling,  lithologic  logging,  and  monitoring  well 
development  procedures  are  described  in  Section  2.1.  Ground  water  sampling  procedures 
are  described  in  Section  2.2.  Additional  details  regarding  investigative  activities  are 
presented  in  the  draft  work  plan  (Engineering-Science,  Inc.,  1994). 

2.1  DRILLING,  SOIL  SAMPLING,  AND  MONITORING  WELL  INSTALLATION 
Field  work  occurred  during  June  1994,  and  consisted  of  drilling,  soil  sampling,  and 

monitoring  well  installation  at  ESMW-I  through  ESMW-7.  These  activities  were 
performed  according  to  the  procedures  described  in  the  work  plan  (Engineering-Science, 
Inc.,  1994)  and  in  the  following  sections. 

2.1.1  Well  Locations  and  Completion  Intervals 

Thirteen  new  ground  water  monitoring  wells  were  installed  to  help  characterize  the 
shallow  ground  water  flow  system  in  the  vicinity  of  Hangar  10.  These  wells  are  identified 
as  ESMW-IA,  ESMW-IB,  ESMW-2,  ESMW-3A,  ESMW-3B,  ESMW-4A,  ESMW-4B, 
ESMW-5A,  ESMW-5B,  ESMW-6A,  ESMW-6B,  ESMW-7A,  and  ESMW-7B.  The  new 
monitoring  wells  were  installed  in  the  locations  shown  on  F’gure  2.1.  Table  2.1  presents 
well  completion  details.  Nested  wells  (e.g.,  ESMW-IA  and  ESMW-IB)  were  installed 
adjacent  to  each  other,  with  one  well  (designated  by  the  suffix  “A”)  screened  across  the 
water  table,  and  with  the  other  well  screened  5  to  18  feet  below  bottom  of  the  first  well. 
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TABLE  2.1 


WELL  COMPLETION  DATA 
HANGAR  10  INTRINSIC  REMEDIATION  TS 
ELMENDORF  AFB,  ALASKA 


State  Plane 

Datum  ^ 

Ground 

Total 

Screen 

Depth  to  Screen 

jWell 

Coordinates 

Elevation 

Elevation 

Depth 

length 

Top 

Bottom 

Location 

Easting 

Northing 

(ft  msl) 

(ft  msl) 

(ft  bgs) 

(feet) 

(ft  bgs) 

(ft  bgs) 

r -  i 

ESMW-IA 

1672847.38 

2650825.96 

183.09 

183.2 

27 

5 

22.0 

27.0 

ESMW-IB 

1672847.74 

2650831.76 

183.12 

183.2 

40.5 

5 

35.5 

40.5 

ESMW-2 

1673376.46 

2650857.04 

184.19 

184.3 

30 

10 

20.0 

30.0 

ESMW-3A 

1672241.45 

2649740.16 

175.67 

175.7 

25 

5 

20.0 

25.0 

ESMW-3B 

1672242.72 

2649735.86 

175.69 

175.6 

37.5 

5 

32.5 

37.5 

ESMW-4A 

1672626.43 

2649819.46 

177.41 

177.6 

25 

5 

20.0 

25.0 

ESMW-4B 

1672626.31 

2649814.67 

177.41 

177.5 

38.25 

5 

33.3 

38.3 

ESMW-SA 

1672486.00 

2649525.82 

170.20 

170.2 

18 

5 

13,0 

18.0 

ESMW-5B 

1672479.14 

2649525.7 

170.15 

170.2 

31 

5 

26.0 

31.0 

ESMW-6A 

1671892.36 

2649409.82 

168.19 

168.1 

19 

5 

14.0 

19.0 

ESMW-6B 

1671894.55 

2649403.31 

168.32 

168.3 

29 

5 

24.0 

29.0 

ESMW-7A 

1672187.73 

2649508.63 

171.18 

171.3 

20 

5 

15.0 

20.0 

ESMW-7B 

1672184.33 

2649503.97 

171.1 

171.2 

33 

5 

28.0 

33.0 

OU4W.1 

1673077.65 

2649859.28 

179.10 

179.97 

34 

15 

18.0 

33.0 

OU4W-2 

1673077.65 

2651647.25 

186.32 

186.33 

40 

15 

23.0 

38.0 

OU4W-3 

1672886.91 

2651058.48 

183.08 

183.00 

37.5 

15 

21.5 

36.5 

OU4W-4 

1672412.22 

2650392.80 

179.04 

179.19 

35.5 

15 

18.0 

33.0 

OU4W-5 

1672353.52 

2650820.95 

180.61 

180.70 

35 

15 

19.0 

34.0 

OU4W-10 

1673002.25 

2650456.49 

184.60 

181.84 

36 

15 

20.2 

35.2 

SP-7/ 10-02 

NA-" 

NA 

NA 

NA 

26 

NA 

NA 

NA 

W-9 

NA 

NA 

NA 

NA 

40 

25 

11.0 

36.0 

W-18 

1673107.94 

2611371.93 

186.24 

NA 

47.5 

28 

20.0 

48.0 

W-19 

1673322.59 

2611677.59 

186.97 

NA 

45 

25 

25.0 

50.0 

Datum  is  top  of  PVC  casing 
ft  msl  =  Feet  above  mean  sea  level 


ft  bgs  =  feet  below  ground  surface 
NA  =  Data  not  available 
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Well  locations  and  completion  intervals  were  selected  to  provide  the  hydrogeologic  data 
necessary  for  successful  implementation  of  the  Bioplume  II  model  and  to  support  the 
intrinsic  remediation  option. 

2.1.2  Well  Drilling  and  Soil  Sampling  Procedures 

This  section  describes  the  procedures  that  were  used  for  drilling  and  installation  of  new 
monitoring  wells.  All  new  monitoring  wells  were  installed  in  accordance  with  general 
procedures  outlined  in  Section  8.5  of  A  Compendium  of  Superfund  Field  Methods  (USEPA, 
1987). 

2. 1.2.1  Pre-Drilling  Activities 

All  necesstiry  digging,  drilling,  and  ground  water  monitoring  well  installation  permits 
were  obtained  prior  to  mobilizing  to  the  field.  In  addition,  all  utility  lines  were  located,  and 
proposed  drilling  locations  were  cleared  prior  to  any  drilling  activities. 

Water  used  in  drilling,  equipment  cleaning,  or  grouting  was  obtained  from  an  onsite 
potable  water  supply.  Water  use  approval  was  verified  by  contacting  the  appropriate  facility 
personnel. 

2. 1.2.2  Equipment  Decontamination  Procedures 

Prior  to  arriving  at  the  site,  and  between  each  drilling  location,  the  augers,  drilling 
rods,  bits,  casing,  samplers,  tools  and  other  downhole  equipment  were  decontaminated 
using  a  high-pressure,  steam/hot  water  wash.  Only  potable  water  was  used  for 
decontamination. 

During  drilling  operations,  the  drill  rig,  augers,  and  any  downhole  drilling  and/or 
sampling  equipment  were  decontaminated  at  the  Elmendorf  AFB  decontamination  pad. 
Water  from  the  decontamination  operations  was  allowed  to  collect  in  the  decontamination 
pad  collection  sump,  then  pumped  into  holding  tanks.  After  conditioning  (using  granular 
carbon  canisters),  water  from  the  holding  tanks  was  released  to  the  sanitary  sewer. 


2-5 


022/722450. 1 19.WW6 


FINAL 


I 


Precautions  were  taken  to  minimize  any  impact  to  the  area  surrounding  the 
decontamination  pad  that  might  result  from  the  decontamination  operations. 

All  sampling  tools  were  cleaned  onsite,  prior  to  use  and  between  each  sampling  event, 
with  a  clean  water/phosphate-free  detergent  mix  and  a  clean  water  rinse.  All  well 
completion  materials  were  factory  sealed.  All  decontamination  activities  were  conducted 
in  a  manner  so  that  the  excess  water  was  controlled  and  not  allowed  to  flow  into  any  open 
borehole. 

Fuel,  lubricants,  and  other  similar  substances  were  handled  in  a  manner  consistent  with 
accepted  safety  procedures  and  standard  operating  practices.  Well  completion  materials 
were  not  stored  near  or  in  areas  which  could  be  affected  by  these  substances. 

2. 1.2.3  Drilling  and  Soil  Sampling 

Drilling  was  accomplished  by  using  the  HSA  method.  The  borings  were  drilled  and 
continuously  sampled  to  the  total  depth  of  the  borehole.  Where  two  wells  were  installed 
adjacent  to  each  other  (i.e.,  nested),  only  the  deeper  well  was  logged.  In  many  instances, 
sand  heave  below  the  water  table  prevented  collection  of  continuous  samples.  A  final 
borehole  diameter  of  at  least  8  inches  was  used  for  the  installation  of  wells  with  a  2-inch 
inside-diameter  (ID)  casing. 

Continuous  soil  samples  were  obtained  using  a  2.5-inch-ID  split-barrel  sampling  device 
(also  known  as  a  split  spoon).  Where  possible,  samples  were  collected  continuously  over 
the  full  depth  of  the  soil  borehole.  One  soil  sample  was  removed  from  the  lower  10  to  12 
inches  of  the  spoon  and  placed  in  a  clean  glass  jar  for  laboratory  analysis.  In  addition,  a 
portion  of  the  soil  sample  was  placed  in  an  unused,  sealable  plastic  bag  for  photoionization 
detector  (PID)  headspace  measurements  for  volatile  organic  compounds  (VOCs).  Soil 
remaining  in  the  spoon  was  used  for  lithologic  and  stratigraphic  logging.  Bags  containing 
soil  samples  collected  for  the  headspace  procedure  were  quickly  sealed  and  held  for  15 
minutes  at  an  ambient  temperature  of  65  degrees  Fahrenheit  (°F)  or  greater. 
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Semiquantitative  measurements  were  made  by  puncturing  the  bag  seal  with  the  PID  probe 
and  reading  the  concentration  of  the  headspace  gases.  The  PID  relates  the  concentration  of 
total  VOCs  in  the  sample  to  an  isobutylene  calibration  standard.  The  PID  was  also  used  to 
monitor  the  worker  breathing  zone. 

The  Parsons  ES  field  hydrogeologist  observed  drilling  and  well  installation  activities, 
maintained  a  detailed  descriptive  log  of  subsurface  materials  recovered,  and  photographed 
representative  samples.  Final  geologic  boring  logs  are  presented  in  Appendix  A.  These 
logs  contain; 

•  Sampled  interval  (top  and  bottom  depth); 

•  Presence  or  absence  of  contamination  based  on  odor,  staining,  and/or  PID  readings; 

•  Soil  description,  including  color,  major  textural  constituents,  minor  constituents, 
relative  moisture  content,  plasticity  of  fines,  cohesiveness,  grain  size,  structure  or 
stratification,  and  any  other  significant  observations;  and, 

•  Lithologic  contacts,  with  the  depth  of  lithologic  contacts  and/or  significant  textural 
changes  recorded  to  the  nearest  0.1  foot  (I  inch). 

At  five  borehole  locations,  one  or  two  soil  samples  from  the  vicinity  of  the  water  table 
were  selected  for  laboratory  analysis.  Where  no  elevated  PID  headspace  readings  were 
encountered,  samples  were  collected  from  immediately  above  and/or  immediately  below 
the  water  table.  Where  PID  readings  were  elevated,  one  of  the  samples  submitted  for 
laboratory  analysis  was  from  the  interval  giving  the  highest  reading. 

Sample  containers  and  appropriate  container  lids  were  provided  by  the  EPA  Mobile 
Laboratory.  The  sample  containers  were  filled  as  full  as  possible  to  eliminate  creation  of 
headspace  in  the  jars,  and  the  container  lids  were  tightly  closed.  A  sample  label  was 
firmly  attached  to  the  container  side,  and  the  following  information  was  legibly  and 
indelibly  written  on  the  label: 

•  Sample  identification; 

•  Sample  depth; 
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•  Sampling  date;  and, 

•  Sample  collector's  initials. 

After  the  samples  were  sealed  and  labeled,  they  were  placed  in  a  cooler  with  ice  and 
held  for  transport  to  the  onsite  EPA  Mobile  Laboratory  (while  the  laboratory  was  at  the 
base).  Samples  collected  after  EPA  personnel  left  the  site  on  June  14,  1994  were  packaged 
for  shipment  to  the  RSKERL.  After  EPA  personnel  left  the  site,  the  following  packaging 
and  labeling  procedures  were  followed: 

•  Samples  were  packaged  to  prevent  leakage  or  vaporization  from  the  containers; 

•  Samples  were  cushioned  to  avoid  breakage;  and 

•  Ice  was  added  to  the  container  to  keep  the  samples  cool. 

The  packaged  samples  were  delivered  by  overnight  courier  to  the  RSKERL.  Delivery 
occurred  as  soon  as  possible  after  sample  acquisition.  Samples  were  analyzed  for  BTEX 
and  TMBs,  TPH,  and  TOC. 

Soils  exhibiting  petroleum  hydrocarbon  contamination  based  on  PID  screening  were 
drummed  and  stored  onsite  during  the  drilling  operations.  A  total  of  four  drums  of 
contaminated  soil  were  collected  at  the  Hangar  10  site.  Upon  completion  of  daily  drilling 
activities,  the  drums  were  taken  L  the  decontamination  pad/staging  area  for  storage. 
Disposal  of  these  soils  will  be  coordinated  by  Elmendorf  AFB  personnel.  Soil  that  did  not 
display  contamination  (based  on  PID  readings  at  or  below  background)  was  thin-spread  in 
the  vicinity  of  the  borehole. 

2.1.3  Monitoring  Well  Installation 

Ground  water  monitoring  wells  were  installed  in  thirteen  soil  borings  under  this 
program.  Detailed  well  installation  procedures  are  described  in  the  following  paragraphs. 
Well  completion  diagrams  are  included  in  Appendix  A. 
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2. 1.3.1  Well  Materials  Decontamination 

Well  completion  materials  were  inspected  by  the  field  hydrogeologist  and  determined  to 
be  clean  and  acceptable  prior  to  use.  All  well  completion  materials  were  factory  sealed. 
Pre-packaged  casing,  sand,  bentonite,  and  concrete  mix  were  used  in  well  construction, 
and  the  bags  were  inspected  for  possible  external  contamination  before  use.  Materials  that 
could  not  be  cleaned  to  the  satisfaction  of  the  field  hydrogeologist  were  not  used. 

2.1.3.2  Well  Casing 

Upon  completion  of  drilling  to  the  proper  boring  termination  depth,  monitoring  well 
casing  was  installed.  Well  construction  details  were  noted  on  a  Monitoring  Well 
Installation  Record  form.  This  information  became  part  of  the  permanent  field  record  for 
the  site.  Monitoring  well  installation  forms  for  the  Hangar  10  site  are  presented  in 
Appendix  A. 

Blank  well  casing  was  constructed  of  Schedule  40  polyvinyl  chloride  (PVC)  with  an  ID 
of  2  inches.  AH  well  casing  sections  were  flush  threaded,  and  glued  joints  were  not  used. 
The  casing  at  each  well  was  fitted  with  a  threaded  bottom  plug  and  a  lockable  top  cap 
constructed  of  the  same  type  of  material  as  the  well  casing.  Because  all  wells  were 
constructed  with  flush-mount  protective  casings,  the  top  capr  were  of  an  expandable  design 
to  prevent  water  that  might  collect  in  the  protector  pipe  from  leaking  down  the  well  casing. 

The  field  hydrogeologist  verified  and  recorded  the  boring  depth,  the  lengths  of  all 
casing  sections,  and  the  depth  to  the  top  of  ail  well  completion  materials  placed  in  the 
annulus  between  the  casing  and  borehole  wall.  All  lengths  and  depths  were  measured  to 
the  nearest  0.1  foot. 

2. 1.3.3  Well  Screen 

Well  screens  were  constructed  of  flush-threaded.  Schedule  40  PVC  with  an  ID  of  2 
inches.  The  screens  were  factory  slotted  with  0.010-inch  openings.  Each  shallow  well 
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was  screened  so  that  seasonal  fluctuations  of  the  water  table  can  be  measured  and  so  that 
mobile  LNAPL  (if  present)  could  be  detected.  Well  screen  positions  were  selected  by  the 
field  hydrogeologist  after  consideration  was  given  to  the  geometry  and  hydraulic 
characteristics  of  the  stratum  in  which  the  wells  were  screened. 

2. 1.3.4  Sand  Filter  Pack 

A  gl  ided  sand  filter  was  placed  around  the  screened  interval  from  the  bottom  of  the 
casing  to  approximately  2  feet  above  the  top  of  the  screen.  Number  10-20  Colorado  silica 
sand  was  used  for  the  sand  filter  pack. 

2. 1.3.5  Annular  Sealant 

An  annular  seal  of  sodium  bentonite  pellets  was  placed  above  the  sand  pack.  The  pellet 
seal  was  a  minimum  of  2  feet  thick  and,  where  placed  above  the  water  table,  was  hydrated 
in  place  with  potable  water.  In  all  wells  at  the  Hangar  10  site,  the  pellet  seal  was  overlain 
with  a  sodium  bentonite  grout  extending  from  the  top  of  the  pellet  seal  to  approximately 

1.5  feet  below  ground  surface  (bgs).  Bentonite  grout  was  used  rather  than  a  bentonite  and 
cement  grout  mixture  to  minimize  the  potential  for  frost  heave.  The  sodium  bentonite 
grout  mix  consisted  of  one  50-pound  sack  of  granular  bentonite  for  each  15  gallons  of 
water  used.  The  grout  was  overlaid  with  filter  sand  to  approximately  8  inches  bgs.  The 
sand  was  placed  to  allow  any  water  that  might  leak  into  the  protective  casing  to  drain  out 
into  the  native  soil.  Above  the  sand  is  a  concrete  pad  that  extends  to  4  inches  above  the 
ground  surface.  The  concrete  pad  is  approximately  1  foot  thick  and  extends  out 
approximately  8  inches  from  the  edge  of  the  protective  casing. 

2. 1.3.6  Flush-Mount  Protective  Cover 

Each  monitoring  well  was  completed  with  an  at-grade  protective  cover.  Each  cover  was 
placed  4  inches  above  grade,  with  a  concrete  pad  surrounding  the  cover.  To  facilitate 
runoff  during  precipitation  events,  all  pads  were  finished  so  that  the  surface  slopes  gently 
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away  from  the  protective  casing.  A  set  of  dies  was  used  to  stamp  the  well  name  onto  each 
cover. 


2.1.4  Well  Development 

Before  being  sampled,  newly  installed  monitoring  wells  were  developed.  Well 
development  removes  sediment  from  inside  the  well  casing  and  flushes  fines,  cuttings,  and 
drilling  fluids  from  the  sand  pack  and  the  portion  of  the  formation  adjacent  to  the  well 
screen. 


Well  development  was  accomplished  using  a  Grundfos  Redi-Flo  2®  submersible  pump. 
The  pump  was  regularly  raised  and  lowered  in  the  well  so  that  fines  were  agitated  and 
removed  from  the  well  in  the  development  water.  Development  was  continued  until  a 
minimum  of  10  casing  volumes  of  water  were  removed  from  the  well  and  the  temperamre 
and  DO  concentration  of  the  ground  water  had  stabilized.  All  well  development  waters 
were  collected  in  a  400-gallon  polyethylene  tank  and  transported  to  the  Elmendorf  AFB 
water  conditioning  facility  for  conditioning  and  disposal. 


2.2  GROUND  WATER  SAMPLING 

This  section  describes  the  procedures  used  for  collecting  ground  water  quality  samples. 
In  order  to  maintain  a  high  degree  of  quality  control  (QC)  during  this  sampling  event,  the 
procedures  described  in  the  site  work  plan  (Engineering-Science,  Inc.,  1994)  and 
summarized  in  the  following  sections  were  followed. 


Ground  water  sampling  occurred  during  June  1994  and  consisted  of  collecting  ground 
water  samples  from  new  and  existing  monitoring  wells.  Personnel  from  Parsons  ES  and 
USEPA  RSKERL  participated  in  ground  water  sampling.  USEPA  RSKERL  was 
responsible  for  sample  analysis.  The  procedures  used  to  sample  ground  water  monitoring 
wells  is  described  in  Section  2. 2. 3. 2.  In  addition  to  the  sampling  events  conducted  under 
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this  program.  Radian  (1994a)  have  conducted  several  ground  water  sampling  events  at  this 
site  as  part  of  the  RI  activities. 

Activities  that  occurred  during  ground  water  sampling  are  summarized  below: 

•  Assembly  and  preparation  of  equipment  and  supplies; 

•  Inspection  of  the  well  integrity,  including 

-  Protective  cover,  cap  and  lock, 

-  External  surface  seal  and  pad, 

-  Well  casing,  cap,  and  datum  reference,  and 

-  Internal  surface  seal; 

•  Ground  water  sampling,  including 

-  Water  level  measurements, 

-  Visual  inspection  of  water, 

-  Well  casing  evacuation,  and 

-  Sampling; 

•  Sample  preservation  and  packaging,  including 

-  Sample  preparation, 

-  Onsite  measurement  of  physical  parameters,  and 

-  Sample  labeling; 

•  Completion  of  sampling  records;  and 

•  Sample  delivery  to  the  USEPA  Mobile  Laboratory  or  RSKERL  in  Ada,  Oklahoma. 

Detailed  ground  water  sampling  and  sample  handling  procedures  that  were  used  are 
presented  in  following  sections. 

2.2.1  Ground  Water  Sampling  Locations 

Ground  water  samples  were  collected  from  existing  and  newly  installed  monitoring 
wells  by  Parsons  ES  and  USEPA  RSKERL  personnel.  Thirteen  new  monitoring  wells, 
including  six  nested  well  pairs,  were  installed  in  the  locations  shown  on  Figure  2.1.  After 
completion  of  well  installation  and  development  activities,  these  wells  were  sampled  using 
a  peristaltic  pump  with  dedicated  polyethylene  tubing.  Ten  previously  existing  monitoring 
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wells  were  also  sampled  under  this  program.  Existing  wells  that  were  sampled  included 
OU4W-1,  OU4W-2,  OU4W-3,  OU4W-4.  OU4W-5,  OU4W-10.  SP7/10-02,  W-9,  W-18, 
and  W-19.  Well  completion  data  for  the  newly  installed  and  previously  installed  wells  are 
provided  on  Table  2.1. 

2.2.2  Preparation  for  Sampling 

All  equipment  used  for  sampling  was  assembled  and  properly  cleaned  and  calibrated  (if 
required)  prior  to  arriving  in  the  field.  In  addition,  all  record-keeping  materials  were 
gathered  prior  to  leaving  the  office. 

2.2.2. 1  Equipment  Cleaning 

All  portions  of  sampling  and  test  equipment  that  contacted  the  sample  were  thoroughly 
cleaned  before  use.  This  equipment  included  the  water  level  probe  and  cable,  lifting  lines, 
test  equipment  for  onsite  use,  and  other  equipment  that  contacted  the  samples.  The 
following  cleaning  protocol  was  used: 

•  Cleaned  with  potable  water  and  phosphate-free  laboratory  detergent; 

•  Rinsed  with  potable  water; 

•  Rinsed  with  distilled  or  deionized  water; 

•  Rinsed  with  reagent-grade  acetone;  and 

•  Air  dried  prior  to  use. 

Any  deviations  from  these  procedures  were  documented  in  the  field  scientist's  field 
notebook  and  on  the  ground  water  sampling  form. 

2.2.2.2  Equipment  Calibration 

As  required,  field  analytical  equipment  was  calibrated  according  to  the  manufacturers’ 
specifications  prior  to  field  use.  This  requirement  applied  to  equipment  used  for  onsite 
chemical  measurements  of  DO  and  temperature. 
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2.2.3  Sampling  Procedures 

Special  care  was  taken  to  prevent  contamination  of  the  ground  water  and  extracted 
samples  through  cross  contamination  from  improperly  cleaned  equipment.  Water  level 
probes  and  cable  used  to  determine  static  water  levels  and  well  total  depths  were 
thoroughly  cleaned  before  and  after  field  use  and  between  uses  at  different  sampling 
locations  according  to  the  procedures  presented  in  Section  2.2.2. 1.  In  addition,  a  clean 
pair  of  new,  disposable  nitrile  gloves  was  worn  each  time  a  different  well  was  sampled. 

2.2.3. 1  Ground  Water  Monitoring  Well  Sampling 

2.2.3. 1.1  Preparation  of  Location 

Prior  to  starting  the  sampling  procedure,  the  area  around  the  well  was  cleared  of  foreign 
materials,  such  as  brush,  rocks,  and  debris.  These  procedures  prevented  sampling 
equipment  from  inadvertently  contacting  debris  around  the  monitoring  well. 

2.2.3. 1.2  Water  Level  and  Total  Depth  Measurements 

Prior  to  removing  any  water  from  the  well  the  static  water  level  was  measured.  An 
electrical  water  level  probe  was  used  to  measure  the  depth  to  ground  water  below  the  well 
datum  to  the  nearest  0.01  foot.  After  measurement  of  the  static  water  level,  the  water  level 
probe  was  lowered  to  the  bottom  of  the  well  for  measurement  of  total  well  depth  (recorded 
to  the  nearest  0.01  foot).  Based  on  these  measurements,  the  volume  of  water  to  be  purged 
from  the  wells  was  calculated. 

2.2.3. 1.3  Well  Bore  Purging 

Three  times  the  calculated  casing  volume  was  removed  from  each  well  prior  to 
sampling.  All  purge  water  was  placed  in  a  400-gallon  polyethylene  tank  and  transported  to 
the  Elmendorf  AFB  conditioning  unit  for  conditioning  and  disposal.  A  peristaltic  pump 
with  dedicated  polyethylene  tubing  was  used  for  well  evacuation. 
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2.2.3. 1.4  Sample  Extraction 

A  peristaltic  pump  with  dedicated  polyethylene  tubing  was  used  to  extract  ground  water 
samples  from  the  well.  The  sample  was  transferred  directly  into  the  appropriate  sample 
container.  The  water  was  carefully  poured  down  the  inner  walls  of  the  sample  bottle  to 
minimize  aeration  of  the  sample.  Sample  bottles  for  BTEX  and  TMB  analysis  were  filled 
so  that  there  was  no  headspace  or  air  bubbles  within  the  container. 

2.2.4  Onsite  Chemical  Parameter  Measurement 

2.2.4. 1  Dissolved  Oxygen  Measurements 

DO  measurements  were  taken  using  an  Orion®  model  840  DO  meter  in  a  flow-through 
cell  at  the  outlet  of  the  peristaltic  pump.  DO  concentrations  were  recorded  after  the 
readings  stabilized,  and  in  all  cases  represent  the  lowest  DO  concentration  observed. 

2.2.4.2  pH  and  Temperature  Measurements 

Because  the  pH  and  temperature  of  the  ground  water  change  significantly  within  a  short 
time  following  sample  acquisition,  these  parameters  were  measured  in  the  field  or  at  the 
EPA  Mobile  Laboratory  as  soon  as  possible  after  acquisition.  The  measurements  were 
made  in  a  clean  glass  container  separate  from  those  intended  for  laboratory  analysis,  and 
the  measured  values  were  recorded  in  the  ground  water  sampling  record. 

2.2.5  Sample  Handling 

2.2.5. 1  Sample  Preservation 

The  USEPA  Mobile  Laboratory  added  any  necessary  chemical  preservatives  to  sample 
containers  prior  to  collection  of  samples. 

2.2.5.2  Sample  Container  and  Labels 

Sample  containers  and  appropriate  container  lids  were  provided  by  the  USEPA  Mobile 
Laboratory.  The  sample  containers  were  filled  as  described  in  Sections  2.2.3. 1.4,  and  the 
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container  lids  were  tightly  closed.  The  sample  label  was  firmly  attached  to  the  container 
side,  and  the  following  information  was  legibly  and  indelibly  written  on  the  label; 

•  Facility  name; 

•  Sample  identification; 

•  Sample  type  (ground  water); 

•  Sampling  date; 

•  Sampling  time; 

•  Preservatives  added;  and, 

•  Sample  collector's  initials. 

2.2.5.3  Sample  Shipment 

After  the  samples  were  sealed  and  labeled,  they  were  packaged  for  transport  to  the 
onsite  USEPA  Mobile  Laboratory  while  the  laboratory  was  at  the  base.  Samples  collected 
after  USEPA  personnel  left  the  site  on  June  14,  1994,  were  packaged  for  shipment  to 
RSKERL  in  Ada,  Oklahoma. 

While  the  USEPA  Mobile  Laboratory  was  onsite,  the  following  packaging  and  labeling 
procedures  were  followed: 

•  Sample  was  packaged  to  prevent  leakage  or  vaporization  from  its  container; 

•  Shipping  container  was  labeled  with 

-  Sample  collector's  name,  address,  and  telephone  number; 

-  Description  of  sample; 

-  Quantity  of  sample;  and 

-  Date  of  shipment. 

The  packaged  samples  were  hand-delivered  to  the  EPA  Mobile  Laboratory.  Delivery 
occurred  shortly  after  sample  acquisition. 

After  USEPA  personnel  left  the  site,  the  following  packaging  and  labeling  procedures 
were  followed; 
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•  Sample  was  packaged  to  prevent  leakage  or  vaporization  from  its  container; 

•  Samples  were  cushioned  to  avoid  breakage;  and 

•  Ice  was  added  to  the  container  to  keep  the  samples  cool. 

The  packaged  samples  were  delivered  by  overnight  courier  to  the  RSKERL.  Delivery 
occurred  as  soon  as  possible  after  sample  acquisition. 

2.3  AQUIFER  TESTING 

Slug  tests  were  not  conducted  at  the  Hangar  10  site.  Slug  tests  are  single-well  hydraulic 
tests  used  to  determine  the  hydraulic  conductivity  of  aquifer  materials  in  the  immediate 
vicinity  of  the  tested  well.  Slug  tests  can  be  used  for  both  confined  and  unconfmed 
aquifers  that  have  a  transmissivity  of  less  than  7,000  square  feet  per  day  (ft^/day).  Based 
on  previous  aquifer  pumping  test  data  for  the  site  (Radian,  1994a),  the  transmissivity  of  the 
aquifer  materials  in  the  vicinity  of  Hangar  10  exceeds  7,000  ftVday.  Slug  tests  in  such 
materials  often  yield  results  that  are  suspect  or  impossible  to  interpret. 

It  was  noted  during  well  development  that  pumping  at  a  rate  of  4  gallons  per  minute 
produced  a  drawdown  of  less  than  0. 1  foot.  Based  on  this  observation,  it  was  decided  that 
slug  tests  were  not  likely  to  produce  meaningful  data,  and  that  use  of  the  existing  pumping 
test  data  would  be  more  appropriate. 

2.4  SURVEYING 

After  completion  of  field  work,  all  new  monitoring  well  locations  and  elevations  were 
surveyed  by  a  professional  land  surveyor.  The  horizontal  locations  were  measured  relative 
to  existing  monitoring  wells.  Vertical  location  of  the  ground  surface  adjacent  to  the  well 
casing  and  the  measurement  datum  (top  of  the  PVC  well  casing)  were  measured  relative  to 
existing  wells  tied  to  a  US  Geological  Survey  (USGS)  mean  sea  level  (msl)  datum. 
Horizontal  location  was  surveyed  to  the  nearest  0.1  foot.  Datum  and  ground  surface 
elevations  were  surveyed  to  the  nearest  0.01  foot.  Horizontal  control  was  based  on 
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previous  data  for  wells  OU4W-3  and  OU4W-1,  and  the  previously  reported  elevation  for 
the  PVC  casing  of  well  OU4W-3  (Radian.  1993)  was  used  as  a  local  elevation  benchmark. 
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SECTION  3 

PHYSICAL  CHARACTERISTICS  OF  THE  STUDY  AREA 

This  section  incorporates  data  collected  during  investigations  as  sunimarized  by  Radian 
(1994a)  and  more  recent  investigations  conducted  by  Parsons  ES  in  conjunction  with 
researchers  from  USEPA  RSKERL  in  June  1994.  Investigative  techniques  used  by  Parsons  ES 
and  RSKERL  researchers  to  determine  the  physical  characteristics  of  the  Hangar  10  site  are 
discussed  in  Section  2. 

3.1  SURFACE  FEATURES 

3.1.1  Topography  and  Surface  Water  Hydrology 

Hangar  10  is  located  on  a  broad,  relatively  level  surface  formed  by  glacial  outwash 
deposits.  This  plain  was  formed  as  glacial  melt  water  deposited  its  sediment  load  downstream 
of  a  melting  glacier.  Surface  topo^ra  hy  at  the  site  slopes  very  gently  to  the  south-southwest, 
although  the  natural  topography  has  been  altered  by  construction  of  runways,  taxiways,  and 
hangars. 

There  are  no  naturally  occurring  surface  water  bodies  in  the  immediate  vicinity  of  Hangar 
10.  There  are,  however,  manmade  features  at  or  near  the  site  that  influence  surface  water 
runoff.  These  feamres  are  discussed  in  Section  3.1.2. 

3.1.2  Manmade  Features 

Surface  cover  at  Hangar  10  and  adjacent  areas  consists  of  asphalt  paving,  grass,  concrete 
aircraft  pads  and  runways,  and  buildings.  Precipitation  either  infiltrates  directly  into  the 
ground  or  runs  off  of  covered  or  paved  areas.  Figure  1.2  shows  the  location  of  buildings  and 
paved  areas  in  the  vicinity  of  the  Hangar  10  site. 
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3.2  REGIONAL  GEOLOGY  AND  HYDROGEOLOGY 

Elmendorf  AFB  is  located  immediately  north  of  Anchorage,  Alaska,  west  of  the  Chugach 
Mountain  Front.  The  base  lies  within  the  Cook  Inlet  -  Susitna  Lowland  physiographic 
province,  referred  to  as  the  “Anchorage  Lowland.”  The  Anchorage  Lowland  is  a  large 
alluvial  fan  on  the  eastern  shore  of  the  Knik  Arm  of  the  Cook  Inlet,  surrounded  by  the  Kenai, 
Chugach,  and  Talkeetna  mountains.  Local  topography  is  generally  flat,  with  a  slight  regional 
rise  toward  the  east.  Ship  Creek  flows  along  the  southern  boundary  of  the  base, 
approximately  1.5  miles  south  of  Hangar  10  (Figure  1.1).  There  are  no  surface  water  bodies 
in  the  immediate  vicinity  of  Hangar  10. 

Surficial  deposits  in  the  vicinity  of  Elmendorf  AFB  consist  of  Pleistocene  glacial  drift  that 
was  deposited  during  several  glacial  advances  and  retreats.  During  the  most  recent  phase  of 
glaciation,  the  ice  reached  a  position  overlying  the  current  location  of  Elmendorf  AFB.  The 
ice  temporarily  stagnated,  and  poorly  sorted  sediment  (till)  was  deposited  at  the  ice  front. 
Deposition  of  till  produced  a  terminal  moraine,  called  the  Elmendorf  Moraine.  The  moraine  is 
expressed  topographically  as  a  broad,  northeast-to-southwest  trending  ridge  immediately  to  the 
northwest  of  OU4  West.  After  the  ice  retreated,  meltwaters  moving  away  from  the  ice  margin 
deposited  sediment  (mostly  sand  and  gravel),  producing  a  relatively  flat,  broad  outwash  plain 
upon  which  most  of  the  base  facilities  (including  Hangar  10)  are  located. 

Two  aquifers  are  present  in  the  vicinity  of  Elmendorf  AFB.  In  order  of  increasing  depth, 
these  aquifers  are  1)  the  shallow  aquifer  (in  either  till  or  outwash  deposits,  depending  on 
location);  and  2)  the  deep  confined  aquifer,  comprised  of  sand  and  gravel  outwash  deposits, 
alluvial  sand,  and  mixed  deposits  of  glacial  till.  Between  the  shallow  and  deep  aquifers  is  a 
regional  aquitard  known  as  the  Bootlegger  Cove  Formation.  This  unit  consists  of  interbedded 
silt  and  clay  deposits  and  is  approximately  50  feet  thick.  The  upper  portion  of  the  Bootlegger 
Cove  Formation  is  generally  silty,  while  the  lower  unit  is  generally  clayey.  A  generalized 
cross-section  showing  the  relationships  between  the  shallow  (outwash)  aquifer,  the  Bootlegger 
Cove  Formation,  and  the  deep  aquifer  is  presented  in  Figure  3.1.  The  shallow  outwash 
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aquifer  ranges  from  35  to  over  120  feet  thick,  while  the  depth  to  ground  water  ranges  from  5 
to  50  feet  bgs.  Tl  shallow  till  aquifer  in  the  vicinity  of  the  moraine  ranges  from  1  to  60  feet 
thick,  with  depth  to  ground  water  ranging  between  I  and  30  feet  bgs. 

There  is  apparently  no  communication  between  the  shallow  and  deep  aquifers.  A  hydraulic 
communication  test  between  the  two  aquifers  was  performed  in  1992.  Data  from  this  test 
indicate  that  there  is  no  correlation  between  flow  directions  or  water  level  e'evations  and 
elevation  changes  in  the  shallow  and  deep  aquifers  (Jacobs  Engineering  Group,  1993).  In 
addition,  a  review  of  analytical  data  from  several  base  water  supply  wells  screened  in  the  deep 
aquifer  was  conducted  by  Radian  (1994a).  This  review  concluded  that  minor  contamination 
observed  in  the  deep  aquifer  was  not  attributable  to  the  sources  of  shallow  ground  water 
contamination  observed  in  OU4,  and  given  the  results  of  the  1992  communication  test,  that  the 
Bootlegger  Cove  Formation  is  an  effective  confining  unit. 

Basewide  ground  water  elevation  data  collected  throughout  1993  indicate  that  flow  in  the 
shallow  outwash  aquifer  is  generally  to  the  south  and  southwest,  toward  Ship  Creek  (Jacobs 
Engineering  Group,  1994b).  Water  levels  ate  highest  in  late  spring,  decreasing  through  the 
summer  until  fall,  when  rains  cause  another  rise.  This  rise  continues  through  late  fall,  and  is 
followed  by  decreasing  levels  through  the  winter,  until  the  spring  thaw. 

Data  from  previous  studies  indicate  that  the  outwash  aquifer  is  unconfined  throughout  the 
OU4  area,  although  it  is  possible  that  scattered  deposits  of  fine-grained  materials  create  local 
areas  of  confined  or  semiconfined  conditions.  Relatively  impermeable  silts  and  clays  of  the 
Bootlegger  Cove  Formation  form  the  basal  boundary  of  this  aquifer.  The  Bootlegger  Cove 
Formation  is  also  the  principal  confining  layer  for  the  deep  aquifer,  although  this  aquifer  may 
be  overlain  by  additional  thicknesses  of  other  fine-grained  deposits.  In  the  Hangar  10  area, 
the  top  of  the  Bootlegger  Cove  Formation  ranges  from  approximately  90  feet  deep  (near 
Hangar  10)  to  35  feet  deep  (southwest  of  Hangar  8)  (Radian,  1994a). 
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3.3  SITE  GEOLOGY  AND  HYDROGEOLOGY 

Characterization  of  the  vadose  zone  and  shallow  aquifer  system  in  the  Hangar  10  vicinity  • 

has  been  the  objective  of  several  investigations.  Prior  to  1994,  14  soil  borings  and  10  ground 
water  monitoring  wells  were  completed  in  the  vicinity  of  Hangar  10  and  the  hydrocarbon 
plume  emanating  from  that  area.  Figure  2.1  shows  the  locations  of  most  of  the  previous  soil  ^ 

borings,  wells,  and  HydroPunch  sampling  points  in  the  vicinity  of  the  Hangar  10  plume. 

During  June  1994,  Parsons  ES,  in  conjunction  with  RSKERL,  drilled  13  soil  borings  in  which 

ground  water  monitoring  wells  were  installed.  These  soil  boreholes/monitoring  wells  are 

designated  ESMW-IA,  ESMW-IB,  ESMW-2,  ESMW-3A,  ESMW-3B,  ESMW^A,  ESMW-  * 

4B,  ESMW-5A,  ESMW-5B,  ESMW-6A,  ESMW-6B,  ESMW-7A,  and  ESMW-7B.  Locations 

of  these  wells  are  presented  on  Figure  2.1.  Table  2.1  presents  available  well  completion 

information.  • 

3.3.1  Lithology  and  Stratigraphic  Relationships 

Subsurface  soil  in  the  Hangar  10  area  consists  mostly  of  sand  and  gravel  in  varying 
proportions,  with  occasional  silty  intervals  near  the  ground  surface.  The  sand  and  gravel  is  * 

relatively  uniform,  with  the  percentages  of  sand  and  gravel  varying  slightly  from  location  to 
location,  as  well  as  at  different  depths  in  the  same  location.  The  observed  horizontal  and 
vertical  variations  in  soil  texture  are  commonly  encountered  in  glacial  outwash  environments.  I 

These  deposits  overlie  a  thicker  sequence  of  unconsolidated  glacial  and  surficial  material 
deposited  prior  to  the  most  recent  glaciation,  including  the  Bootlegger  Cove  Formation  and  the 
deep  confined  aquifer  materials.  ^ 

Soils  encountered  during  drilling  activities  conducted  by  Parsons  ES  in  June  1994  consisted 
mostly  of  outwash  sand  and  gravel.  Generally  these  deposits  contained  less  than  5  percent  silt. 

In  many  of  the  boreholes,  gravelly  sand  and  sandy  gravel  was  encountered  from  the  ground  » 

surface  to  depths  of  20  to  30  feet  bgs.  Beneath  the  gravel-bearing  units,  a  relatively  well- 
sorted  sand  unit  was  encountered.  This  sand  unit  was  generally  medium  to  coarse  grained, 
with  occasional  silty  or  gravelly  intervals.  Occasionally  in  this  unit,  and  more  frequently  in  ^ 
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the  overlying  unit,  cobbles  were  encountered.  Minor  sandy  units  were  also  encountered 
within  the  gravelly  units.  In  previously  installed  borings  such  as  SB-37,  OU4W-5.  OU4W-3, 
and  W-18,  sand  units  were  also  encountered  from  the  surface  to  depths  of  2  to  20  feet.  In  the 
borehole  for  well  W-19,  sand  was  encountered  from  the  surface  to  a  depth  of  approximately 
40  feet;  no  gravel  units  were  encountered  (Radian,  1994a;  CH2M  Hill,  1992). 

Clay  and  silt  of  the  Bootlegger  Cove  Formation  was  encountered  in  the  borehole  for  well 
ESMW-6B,  at  a  depth  of  approximately  29  feet.  The  Bootlegger  Cove  Formation  was 
encountered  in  only  one  other  borehole  in  the  vicinity  of  Hangar  10.  At  borehole  SB-39  (just 
south  of  the  hangar),  the  Bootlegger  Cove  was  encountered  at  a  depth  of  90  feet  (Radian, 
1994a). 

These  stratigraphic  relationships  are  illustrated  by  hydrogeologic  sections  A  -  A’  and  B  -  B’, 
which  include  data  from  previously  installed  wells  and  newly  installed  wells.  Figure  3.2 
shows  the  locations  of  these  sections.  Figure  3.3  presents  hydrogeologic  section  A  -  A’, 
which  is  approximately  parallel  to  the  direction  of  ground  water  flow.  Figure  3.4  presents 
hydrogeologic  section  B  -  B’,  which  is  approximately  perpendicular  to  the  direction  of  ground 
water  flow. 

3.3.2  Grain  Size  Distribution 

Grain  size  analyses  were  performed  by  Radian  (1994a)  on  soil  samples  from  the  soil 
borings  SB-27  (sample  collected  from  approximately  3  feet  bgs)  and  SB-37  (sample  collected 
from  approximately  12  feet  bgs).  Both  samples  are  representative  of  the  sand  and  gravel 
outwash  aquifer.  The  samples  contained  24  to  50  percent  gravel  and  42  to  72  percent  sand, 
with  up  to  8  percent  silt  and  clay.  In  addition  to  the  samples  from  the  aquifer,  a  sample  was 
collected  from  the  Bootlegger  Cove  Formation  in  soil  boring  SB-41 .  This  sample  contained  61 
percent  clay,  2  percent  sand,  and  37  percent  silt  (Radian,  1994a). 
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3.3.3  Ground  Water  Hydraulics 

3.3.3. 1  Flow  Direction  and  Gradient 

Depth  to  ground  water  in  the  vicinity  of  Hangar  10  ranges  from  14  to  26  feet  bgs.  Ground 
water  flow  in  the  vicinity  of  Hangar  10  is  to  the  south-southwest,  with  an  average  horizontal 
gradient  of  approximately  0.0022  foot  per  foot  (ft/ft)  (Figure  3.5).  Table  3.1  presents 
available  ground  water  elevation  data.  There  is  no  evidence  for  significant  vertical  flow 
gradients  within  the  shallow  aquifer  at  this  site,  with  vertical  gradients  (computed  at  well 
nests)  varying  from  0.002  (downward)  to  -0.002  (upward). 

Results  of  previous  site  investigations  show  that  there  are  slight  seasonal  variations  in  the 
ground  water  gradient  at  the  site  (Jacobs  Engineering  Group,  1994b).  Horizontal  hydraulic 
gradients  in  OU4  vary  from  0.0016  to  0.0028  ft/ft,  generally  increasing  and  decreasing  as  the 
water  levels  rise  and  fall.  Water  levels  are  highest  in  late  spring,  decreasing  through  the 
summer  until  fall,  when  rains  cause  another  rise.  This  rise  continues  through  late  fall,  and  is 
followed  by  decreasing  levels  through  the  winter,  until  the  spring  thaw.  Significant  changes  in 
flow  direction  have  not  been  observed  (Jacobs  Engineering  Group,  1994b). 

3.3.3.2  Hydraulic  Conductivity 

One  pumping  test  was  conducted  in  1988  in  the  sand  and  gravel  unit  of  the  outwash  aquifer 
(Black  &  Veatch,  1990).  The  data  were  reanalyzed  by  Radian  (1994a).  These  results 
indicated  a  hydraulic  conductivity  range  of  approximately  0.2  to  0.6  foot  per  minute  (ft/min) 
[0.1  to  0.3  centimeters  per  second  (cm/sec)]. 

3.3.3.3  Effective  Porosity 

Because  of  the  difficulty  involved  in  accurately  determining  effective  porosity,  accepted 
literature  values  for  the  type  of  soil  comprising  the  shallow  saturated  zone  were  used.  Freeze 
and  Cherry  (1979)  give  a  range  of  porosity  for  sand  and/or  gravel  of  0.25  to  0.50.  The 
effective  porosity  for  sediments  of  the  shallow  saturated  zone  is  assumed  to  be  0.35. 
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TABLE  3.1 


WATER  LEVEL  ELEVATION  DATA 

HANGAR  10  INTRINSIC  REMEDIATION  TS  » 

ELMENDORF  AFB,  ALASKA 


Well 

Location 

Date 

State  Plane 

Coordinates 

Datum 

Elevation 

Ground 

Elevation 

(ft  msl) 

Total 

Depth 

(ft  bgs)'' 

Depth 
to  Water 
(ft  btoc) 

Water 

Elevation 
(ft  msl) 

Easting 

Northing 

(ft  msl) 

I  - :  -  ~  '  I 

ESMW-IA 

6/24/94 

1672847.38 

2650825.96 

183.09 

183.2 

27 

24.72 

158.37 

ESMW-IB 

6/24/94 

1672847.74 

2650831.76 

183.12 

183.2 

40.5 

24.74 

158.38 

ESMW-2 

6/24/94 

1673376.46 

2650857.04 

184.19 

184.3 

30 

25.43 

158.76 

ESMW-3A 

6/24/94 

1672241.45 

2649740.16 

175.67 

175.7 

25 

20.25 

155.42 

4W-3B 

6/24/94 

1672242.72 

2649735.86 

175.69 

175.6 

37.5 

20.3 

155.39 

-.  .SM  iV-4A 

6/24/94 

1672626.43 

2649819.46 

177.41 

177.6 

25 

21.36 

156.05 

ESMW-4B 

6/24/94 

1672626.31 

2649814.67 

177.41 

177.5 

38.25 

21.38 

156.03 

ESMW-5A 

6/24/94 

1672486.00 

2649525.82 

170.20 

170.2 

18 

15.14 

155.06 

ESMW-5B 

6/24/94 

1672479.14 

2649525.70 

170.15 

170.2 

31 

15.09 

155.06 

ESMW-6A 

6/24/94 

1671892.36 

2649409.82 

168.19 

168.1 

19 

14.05 

154.14 

ESMW-6B 

6/24/94 

1671894.55 

2649403.31 

168.32 

168.3 

29 

14.21 

154.11 

ESMW-7A 

6/24/94 

1672187.73 

2649508.63 

171.18 

171.3 

20 

16.46 

154.72 

ESMW-7B 

6/24/94 

1672184.33 

2649503.97 

171.1 

171.2 

33 

16.4 

154.7 

OU4W-1 

6/24/94 

1673077.65 

2649859.28 

179.10 

179.97 

34 

22.39 

156.71 

OU4W-2 

6/24/94 

1673077.65 

2651647.25 

186.32 

186.33 

40 

26.84 

159.48 

OU4W-3 

6/24/94 

1672886.91 

2651058.48 

183.08 

183.00 

37.5 

24.33 

158.75 

OU4W-4 

6/9/94 

1672412.22 

2650392.80 

179.04 

179.19 

35.5 

21.62 

157.44 

OU4W-5 

6/9/94 

1672353.52 

2650820.95 

180.61 

180.70 

35 

22.5 

158.11 

OU4W-10 

6/24/94 

1673002.25 

2650456.49 

184.60 

181.84 

36 

26.68 

157.92 

SP-7/ 10-02 

6/24/94 

NA 

NA 

NA 

26 

14,38 

NA 

W-9 

6/24/94 

NA 

NA 

NA 

NA 

40 

21.22 

NA 

W-18 

6/24/94 

1673107.9 

2611371.93 

186.24 

NA 

47.5 

26.99 

159.25 

W-19 

6/24/94 

1673322.6 

2611677.59 

186.97 

NA 

45 

27.31 

159.66 

Datum  is  top  of  PVC  casing. 

ft  msl  =  feet  above  mean  sea  level  I 

feet  bgs  =  Feet  below  ground  surface 
*  feet  btoc  =  feet  below  top  of  casing 
NA  =  Not  available 
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3.3.3.4  Advective  Ground  Water  Velocity 

The  advective  velocity  of  ground  water  in  the  direction  parallel  to  ground  water  flow  is 
given  by: 

M,  (IL 

Where:  v  =  Average  advective  ground  water  velocity  (seepage  velocity)  [L/T] 

K  =  Hydraulic  conductivity  [L/T]  (0.4  ft/min) 
dH/dL  =  Gradient  [L/L]  (0.0027  ft/ft) 

=  Effective  porosity  (0.35). 

Using  this  relationship  in  conjunction  with  site-specific  data,  the  average  advective  ground 
water  velocity  at  the  site  is  4.4  feet  per  day  (ft/day),  or  approximately  1,600  feet/year. 

3.3.3.5  Preferential  Flow  Paths 

No  preferential  contaminant  migration  pathways  were  identified  during  the  field  work  phase 
f  of  this  project.  The  depth  to  the  water  table  and  the  high  hydraulic  conductivity  of  the  aquifer 
materials  prevent  manmade  features  such  as  utility  trenches  or  storm  sewers  from  providing 
preferential  flow  paths.  In  addition,  stratigraphic  data  do  not  indicate  the  presence  of  any 
high-conductivity  zones  of  material  that  could  influence  subsurface  flow.  However,  the 
thinning  of  the  outwash  caused  by  the  local  high  spot  of  the  Bootlegger  Cove  Formation 
observed  at  ESMW-3  may  locally  affect  ground  water  flow. 

3.3.4  Ground  Water  Use 

Ground  water  from  the  shallow  aquifer  at  Elmendorf  AFB  is  not  extracted  for  potable  uses. 
Water  supplementing  on-base  requirements  is  obtained  from  deep  supply  wells  tapping  the 
confined  unconsolidated  deposits.  Previous  investigations  (Jacobs  Engineering  Group,  1993; 
and  Radian,  1994a)  have  indicated  that  the  Bootlegger  Cove  Formation  is  a  competent 
confining  unit,  and  that  contamination  from  the  shallow  aquifer  is  unlikely  to  reach  the  deep 
aquifer. 
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3.4  CLIMATOLOGICAL  CHARACTERISTICS 

Climatic  information  contained  in  this  section  was  compiled  by  Black  &  Veatch  (1990). 
Elmendorf  AFB  is  located  in  a  transitional  climatic  zone,  located  between  the  maritime 
climatic  zone  to  the  south  and  the  interior  or  continental  zone  to  the  north  (Selkregg,  1972). 
The  St.  Elias  and  Chugach  Mountains  to  the  south  act  as  a  barrier  to  the  influence  of  the 
northern  Pacific  Ocean,  while  the  Alaska  Range  to  the  north  protects  the  area  from  the 
extremely  cold  Arctic  air  masses  of  the  state’s  interior  region.  As  a  result,  the  area 
experiences  a  moderate  climate  lacking  extremes  in  precipitation  or  temperature.  However, 
because  of  the  northern  latitude  the  area  has  reduced  solar  radiation,  resulting  in  low  mean 
annual  temperatures. 

Monthly  mean  high  temperatures  range  from  about  12“F  in  January  to  about  58“F  in  July. 
Record  extreme  high  and  low  temperatures  for  the  period  from  1941  through  1984  were  86‘’F 
and  -43‘’F,  respectively  (Leslie,  1986).  Mean  annual  precipitation  is  15.9  inches,  of  which  36 
percent  falls  as  snow. 
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SECTION  4 

NATURE  AND  EXTENT  OF  CONTAMINATION  AND  SOIL  AND 
GROUND  WATER  GEOCHEMISTRY 

4.1  SOURCE  OF  CONTAMINATION 

The  source  of  contamination  at  the  Hangar  10  site  is  not  known  with  any  degree  of 
certainty,  nor  is  it  known  how  much  fuel  has  leaked  into  the  subsurface.  Several 
potential  sources  have  been  identified  in  the  Hangar  10  area.  These  sources,  identified 
in  Section  1.2,  include  POL  pipelines,  a  pump  house  and  a  valve  pit  for  the  POL  lines, 
and  a  1 ,000-gallon  UST  with  unknown  contents.  Locations  of  these  potential  sources 
are  indicated  on  Figure  1.3.  Radian  (1994a)  identified  two  probable  sources  for  the 
ground  water  contamination  observed  in  the  area.  These  include  Pump  House  2  and/or 
the  POL  lines  located  immediately  downgradient  of  Hangar  10,  and  the  UST 
immediately  southwest  of  the  hangar.  Radian  (1994a)  reported  that  all  active  fuel  lines 
and  tanks  in  the  Hangar  10  area  recently  passed  individual  leak  tests,  but  that  a  test  of 
the  entire  system  (including  valve  pits  and  pump  houses)  was  not  performed. 

4.2  SOIL  CHEMISTRY 
4.2.1  Residual  Contamination 

Residual  light  nonaqueous-phase  liquid  (LNAPL)  is  defined  as  the  LNAPL  that  is 
trapped  in  the  aquifer  by  the  processes  of  cohesion  and  capillarity,  and  therefore  will 
not  flow  within  the  aquifer  and  will  not  flow  from  the  aquifer  matrix  into  a  well  under 
the  influence  of  gravity.  Mobile  LNAPL  is  defined  as  LNAPL  that  is  free  to  flow  in 
the  aquifer  and  that  will  flow  from  the  aquifer  matrix  into  a  well  under  the  influence  of 
gravity. 
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Previous  evidence  suggested  that  mobile  LNAPL  was  present  on  the  ground  water 
and  in  the  capillary  fringe  in  the  vicinity  of  monitoring  well  W-18  (Black  &  Veatch, 
1990).  However,  soil  boring  SB-39  was  installed  nearby  in  July  1993,  and  a  zone  of 
mobile  LNAPL  was  not  encountered.  In  1993,  no  mobile  LNAPL  was  detected  in  W- 
18  (Radian,  1994a).  A  trace  of  mobile  LNAPL  was  reported  in  W-19  (northwest  of 
the  hangar)  in  October  1993  (Jacobs  Engineering  Group,  1994b).  Also,  a  petroleum 
sheen  was  noted  on  water  that  collected  in  boring  SB-25  (Radian,  1994a).  Mobile 
LNAPL  was  not  detected  in  any  of  the  wells  in  the  Hangar  10  area  during  this 
investigation.  Residual  LNAPL  contamination  has  been  detected  at  the  Hangar  10  site 
and  is  described  in  the  following  sections. 

4.2. 1.1  Previous  Soil  Quality  Data 

Prior  to  this  investigation,  14  soil  borings  and  10  ground  water  monitoring  wells 
have  been  completed  in  the  vicinity  of  the  Hangar  10  site  and  the  associated 
hydrocarbon  plume  (Radian,  1994a).  In  addition,  41  soil  gas  samples  have  been 
collected.  None  of  these  data  suggest  a  definite  source  area  for  the  contamination,  nor 
are  any  contiguous  areas  of  soil  contamination  indicated.  In  general,  most  soil 
contamination  was  detected  in  the  area  southwest  of  Hangar  10,  in  the  vicinity  of  Pump 
House  2  and  the  UST. 

Laboratory  analytical  results  for  soil  samples  collected  during  investigations  at  the 
site  prior  to  1993  indicated  that  petroleum  hydrocarbon  contamination  was  present  in 
the  subsurface  soil  west  and  southwest  of  Hangar  10,  in  the  vicinity  of  the  POL  line. 
Pump  House  2,  and  the  UST  immediately  southwest  of  Hangar  10.  A  soil  sample 
collected  from  a  well  installed  just  west  of  the  hangar  in  1989  (and  abandoned  in  1993) 
contained  907  milligrams  per  kilogram  (mg/kg)  of  TPH  (Black  &  Veatch,  1990).  Soil 
from  borehole  SBSD24D,  drilled  in  1992  near  the  location  of  SB-39,  contained  diesel- 
range  organics  (DRO)  and  gasoline-range  organics  (GRO)  in  concentrations  of  29,900 
mg/kg  and  35,500  mg/kg,  respectively.  Several  petroleum-related  semivolatile  organic 
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compounds  (SVOCs)  were  also  detected  at  that  location,  but  there  was  no  evidence  of 
mobile  LNAPL  (CH2M  Hill,  1992). 

Soil  gas  sampling  in  1993  indicated  potential  soil  contamination  immediately 
southwest  of  the  hangar,  as  well  as  northeast  of  the  hangar.  Borehole  SB-39  was 
drilled  to  confirm  the  presence  of  contamination  to  the  southwest  (in  the  vicinity  of 
former  borehole  SBSD24D).  In  that  borehole,  unknown  petroleum  hydrocarbons  were 
detected  at  concentrations  up  to  20  mg/kg  at  a  depth  of  25  to  27  feet  bgs,  and  xylenes 
and  other  VOCs  were  detected  at  the  same  depth  at  concentrations  up  to  0.4  mg/kg. 
Also,  petroleum  odors  were  observed  during  the  drilling  of  WH-9,  but  no  sample  was 
collected  because  the  augers  were  lost  down  the  hole.  Soil  contamination  northeast  of 
the  hangar  was  not  confirmed  in  samples  from  soil  borehole  SB-38  (Radian,  1994a). 
Soil  borehole  SB-37  was  drilled  just  west  of  the  hangar,  near  where  a  TPH 
concentration  of  907  mg/kg  was  detected  in  1989.  In  that  boring  approximately  0.085 
mg/kg  of  total  BTEX  was  detected,  but  only  in  the  sample  from  3.5  to  5  feet  bgs. 
TPH  compounds  were  also  detected  in  SB-37,  but  only  from  0  to  2  feet  bgs. 

Where  the  plume  of  ground  water  contamination  is  present  in  the  vicinity  of  Hangar 
8,  little  or  no  soil  contamination  was  detected  (Radian,  1994a).  A  soil  gas  sample 
collected  near  the  location  of  borehole  SB-41  suggested  the  presence  of  contamination, 
but  no  significant  concentrations  of  petroleum  compounds  VOCs  were  detected  in  soil 
samples  from  SB-41. 

4.2. 1.2  Soil  BTEX  Contamination 

One  to  two  soil  samples  from  the  vicinity  of  the  water  table  in  boreholes  for  wells 
ESMW-IB,  ESMW-2,  ESMW-4B,  ESMW-5B,  and  ESMW-7B  were  submitted  for 
laboratory  analysis  of  BTEX  and  TMBs  using  method  RSKSOP-124  (RSKSOP  refers  to 
RSKERL  standard  operating  procedures).  Table  4.1  presents  soil  BTEX  data.  Only 
one  sample,  from  26  to  28  feet  bgs  in  borehole  ESMW-IB,  contained  quantifiable 
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concentrations  of  BTEX  compounds.  Toluene  was  detected  at  a  concentration  of 
0.0078  mg/kg  in  that  sample.  TMBs  were  not  detected. 

4.2. 1.3  Soil  TPH  Contamination 

Table  4.1  also  presents  soil  TPH  data.  TPH  concentrations  were  quantified  by 
comparison  to  a  JP-4  fuel  standard,  using  a  modified  version  of  EPA  method  418.1. 
TPH  concentrations  were  below  the  laboratory’s  quantification  limit  of  14.79  mg/kg  in 
all  soil  samples  collected  from  monitoring  well  boreholes  at  the  Hangar  10  site. 

4.2.2  Total  Organic  Carbon 

TOC  concentrations  are  used  to  estimate  the  amount  of  organic  matter  sorbed  on  soil 
particles  or  trapped  in  the  interstitial  passages  of  a  soil  matrix.  The  TOC  concentration 
in  the  saturated  zone  is  an  important  parameter  used  to  estimate  the  amount  of 
contaminant  that  could  potentially  be  sorbed  to  the  aquifer  matrix.  Sorption  results  in 
retardation  of  the  contaminant  plume  relative  to  the  average  advective  ground  water 
velocity.  Measurements  of  TOC  were  taken  for  two  soil  samples  obtained  from  the 
vicinity  of  the  water  table  at  ESMW-1.  The  TOC  content  of  the  soil  at  this  location 
was  3.25  percent  at  a  depth  of  22  to  24  feet  bgs,  and  0.125  percent  at  a  depth  of  26  to 
28  feet  bgs  (Table  4.1). 

These  samples  come  from  a  location  where  BTEX  and  TPH  compounds  were 
detected,  but  the  sample  from  26  to  28  feet  bgs  likely  represents  a  good  estimation  of 
the  aquifer  TOC.  The  toluene  concentration  in  that  sample  was  only  0.0078  mg/kg, 
and  the  TPH  concentration  was  below  the  laboratory  quantitation  limit.  In  addition, 
this  sample  was  collected  below  the  water  table,  where  the  presence  of  residual 
LNAPi.  was  less  likely.  The  sample  from  22  to  24  feet  bgs  was  in  the  vicinity  of  the 
capillary  fringe,  and  residual  hydrocarbons  may  have  artificially  increased  the  natural 
TOC  concentration. 
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4.3  GROUND  WATER  CHEMISTRY 

Three  lines  of  evidence  can  be  used  to  document  the  occurrence  of  natural 
attenuation:  1)  documented  loss  of  contaminant  mass  at  the  field  scale;  2)  geochemical 
evidence;  and  3)  laboratory  microcosm  studies.  The  first  two  lines  of  evidence 
(documented  loss  of  contaminants  and  geochemical  evidence)  are  used  herein  to  support 
the  occurrence  of  natural  attenuation,  as  described  in  the  following  sections.  Because 
these  two  lines  of  evidence  strongly  suggest  that  natural  attenuation  is  occurring  at  this 
site,  laboratory  microcosm  studies  were  not  deemed  necessary. 

4.3.1  Dissolved  BTEX  Contamination 

Laboratory  analytical  results  for  ground  water  samples  collected  during  previous  site 
investigations  indicated  the  presence  of  fuel  hydrocarbon  and  VOC  contamination  in 
the  shallow  saturated  zone  in  the  vicinity  of  Hangar  10.  Table  4.2  summarizes 
previous  ground  water  contaminant  data  collected  by  Radian  (1994a).  Ground  water 
samples  collected  in  June  1994,  by  Parsons  ES  and  RSKERL  personnel  confirmed 
these  results.  Table  4.3  summarizes  ground  water  contaminant  data  for  these  samples. 

Figure  4.1  is  an  isopleth  map  that  shows  the  distribution  of  total  BTEX  dissolved  in 
ground  water  as  indicated  by  ground  water  screening  data  collected  by  Radian  (1994a) 
in  June  and  July  1993.  Except  for  samples  from  wells  W-18  and  W-19,  these  data  are 
for  grab  samples  collected  from  soil  borings  and  for  samples  collected  using  the 
HydroPunch*  method.  Sample  data  from  monitoring  wells  installed  in  June  and  July 
1993  are  not  included  because  they  generally  indicate  lower  total  BTEX  concentrations, 
particularly  in  locations  adjacent  to  screening  sample  locations.  Also,  screening  data 
were  used  because  the  screening  samples  covered  a  much  larger  area  of  the  site,  giving 
a  better  indication  of  the  extents  of  the  plume.  The  BTEX  plume  observed  in  June 
1993  was  approximately  2,700  feet  long  and  900  feet  wide  at  its  widest  point.  The 
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FUEL  HYDROCARBON  COMPOUNDS  DETECTED  IN  GROUND  WATER  -  JUNE  1994 


4 


» 


4 


4 


IX 

H 

Z 

o 


a 

u 


< 

C 

ea 

b 

C 

oc 

o 

o 

z 

u 

s 

Cd 


oa 

a 

ND 

38.6 

1.79  1 

n 

Q 

Z 

Q 

Z 

Q 

Z 

ND  1 

ND  1 

ND  1 

ND 

ND 

ND 

7 

3.35 

6.45  i 

2.26 

1  1Z,1 

24.5  1 

1.42  1 

1  98' 1 

7 

03 

•  tn 

a. 

<N 

ND 

71.7 

VO 

ND 

ND 

ND 

Q 

Z 

ND 

ND 

ND 

ND 

ND 

ND 

7 

00 

12.8 

2.75 

5.01 

2.63 

42.6 

3.45 

2.22 

7 

03 

f- 

*  00 
*0.  a 
rn 

ON 

LZZ 

1.54 

ND 

ND 

ND 

QN 

Q 

Z 

ND 

ND 

ND 

ND 

ND 

7 

2.39 

4.76 

V 

1.32 

7 

15.4 

7 

V 

ND 

Total 

BTEX 

(Mg/L) 

V 

176.75 

9.92 

7 

V 

3  06 

V 

V 

1.34 

V 

7 

V 

S960 

6.416 

99.24 

168.7 

6631 

47.89 

13.67 

AITM 

20.48 

10.36 

6960 

Total 

Xylenes 

(Pg/L) 

~ 

139.4 

3.98 

ND 

Q 

Z 

ND 

ND 

ND 

V 

QN 

QN 

ND 

ND 

2.44 

46.93 

72.5 

6.2 

22.98 

ZLL 

200 

12.38 

5.35 

QN 

4> 

C 

it 

X  a 
6 

ON 

53.7 

1.09 

ND 

Q 

Z 

ND 

ND 

a 

z 

ND 

ND 

ND 

ND 

ND 

1.07 

£  11 

17.3 

NO 

6.05 

62.4 

3.16 

ND 

4> 

C 

£ 

“ 

42.4 

1.36 

ND 

ND 

ND 

Q 

Z 

c 

z 

*7 

ND 

ND 

ND 

ND 

1.37 

26.3 

40.2 

3.52 

12.6 

3.94 

OO 

OO 

6.82 

2.97 

6960 

4i 

><  3 

CL  ^ 

ON 

43.3 

1.53 

ND 

ND 

ND 

Q 

Z 

ND 

ND 

ND 

ND 

ND 

ND 

V 

9.33 

1.07 

4.33 

OO 

00 

55.8 

2.4 

1.07 

ON 

— 

Ethylbenzene 

(Pg/^) 

'i) 

Q 

Z 

29.7 

*0 

ND 

ND 

Q 

Z 

Q 

Z 

Q 

Z 

ND 

ND 

ND 

ND 

ND 

9060 

801 

5.27 

1.79 

OO 

vS 

2.8 

1.39 

ND 

Toluene 

(pg/L) 

Q 

Z 

2.35 

2.29 

V 

V 

1.54 

"v 

V 

1.34 

V 

7 

7 

S960 

181 

34.5 

809 

3.02 

891 

2.8 

8.84 

3.82 

2.21 

ND 

"v 

5.3 

2.15 

V 

V 

1.52 

ND 

V 

ND 

ON 

7 

7 

V 

1.26 

7.01 

18.3 

913 

2.84 

1.36 

203 

OO 

[1 

7 

— 

Sample 

Date 

6/11/94 

6/11/94 

6/17/94 

6/14/94 

6/14/94 

6/13/94 

6/13/94 

6/16/94 

6/16/94 

6/15/94 

6/15/94 

6/16/94 

6/16/94 

6/24/94 

6/24/94 

6/24/94 

6/24/94 

6/24/94 

6/24/94 

6/24/94 

6/24/94 

6/24/94 

6/24/94 

Well 

Location 

[esmw-ia 

lESMW-lB 

<N 

» 

S 

C/3 

< 

m 

1 

s 

C/D 

UJ 

1ESMW-3B 

< 

2 

CZl 

m 

IESMW-4B 

IESMW-5A 

IESMW-5B 

IESMW-6A 

1ESMW-6B 

IESMW-7A 

IESMW-7B 

|W-09 

00 

1 

|W-19 

IOU4W-1 

IOU4W-2 

IOU4W-3 

IOU4W-4 

IOU4W-5 

1OU4W-10 

SP-7 10-02 

4-8 


"  ND  Not  detected  at  a  detection  limit  of  1  ng/L 

Note:  BTEX  and  TMB  compounds  analyzed  using  method  RSKSOP- 1 33 


^ESMW-4A,-4B 


+' 


CSUW-SA.>SB 


/ 


Lssmi  /[  </ 

U4w-t  MONITORING  WOL  LOCATION  (JUNE  1993) 


5iESMW-5A,-5a 


HYDROPUNCH  LOCATION  (JUNE  -  JULY  1993) 

NITH  TOTAL  BTEX  CONCENTRADON  ((.qAXJUNE  1993) 
MONITORING  NEa  LOCADON  (JUNE  1994) 

SOIL  BORING  (JUNE  1993) 

WITH  TOTAL  BTEX  CONCENTRATWN  («AXJUNE  ’993) 

UNE  OF  EQUAL  BTEX  CONCENTRATION  (^A) 

(DASHED  WHERE  INFERRED) 

CONTOUR  INTERVAL  VARIABLE 

NO  >  BELOW  DETECTION  UNIT 

CONCENTRATION  AT  WH-16  WAS  IGNORED 
WHEN  ISOPlETHS  DRAWN 


L:\45007\DRAWINGS\H10SITE.  3/09/95  ot  9:30 


0  125  250  500 


FIGURE  4.1 

TOTAL  BTEX  ISOPLETH  MAP 
FOR  GROUND  WATER 
(HYDROPUNCH  AND  GRAB 
SCREENING  SAMPLES) 
JUNE  -  JULY  1993 

Hangar  10  Intrinsic  Remediation  TS 
Elmendorf  Air  Force  Base 
Anchorage,  Alaska 


|S>  PARSONS 
lS _ BNP““"' 


Denver.  Colorado 


FINAL 


maximum  observed  total  BTEX  concentration  was  22,200  micrograms  per  liter  (pg/L) 
at  HydroPunch’  location  WH-10. 

Figure  4.2  is  an  isopleth  map  showing  the  distribution  of  total  BTEX  dissolved  in 
ground  water  in  June  1994.  Where  nested  wells  are  present,  isopleths  are  drawn  based 
on  the  maximum  concentration  detected  at  each  location.  Comparison  of  Figures  4.1 
and  4.2  suggests  that  minimal  downgradient  migration  of  BTEX  compounds  occurred 
during  the  1-year  period,  with  the  plume  at  most  300  feet  longer  than  that  observed  in 

1993.  However,  it  appears  that  significant  lateral  spreading  has  occurred,  with  the 
plume  now  approximately  1,500  feet  wide  at  its  widest  point.  In  addition,  it  appears 
that  total  BTEX  concentrations  have  generally  decreased  in  the  wells  downgradient 
from  OU4W-3.  In  1994,  the  maximum  observed  BTEX  concentration  was  477  pg/L, 
in  the  sample  collected  from  OU4W-4.  This  is  downgradient  of  the  highest 
concentrations  observed  in  1993.  Benzene  concentrations,  where  detected,  ranged 
from  1.26  to  203  pg/L. 

Total  BTEX  concentrations  in  the  center  of  the  plume  decreased  between  1993  and 

1994,  as  observed  at  wells  OU4W-3,  OU4W-4,  and  OU4W-10.  Conversely,  total 
BTEX  concentrations  increased  in  some  wells  near  the  plume  margins  between  1993 
and  1994.  Specifically,  BTEX  concentrations  increased  at  wells  OU4W-1,  OU4W-5, 
OU4W-2,  and  W-18.  These  changes  are  likely  a  result  of  plume  spreading,  possibly 
influenced  by  other  factors.  Other  possible  causes  of  observed  BTEX  concentration 
changes  include  migration  from  upgradient  sources  or  plumes,  fluctuating  source 
loading,  and  releases  from  active  sources  (e.g.,  POL  lines).  Because  the  source(s)  of 
contamination  in  this  area  are  poorly  constrained,  changes  in  BTEX  concentrations 
observed  over  1  year  alone  are  not  statistically  sufficient  to  confirm  or  rule  out 
biodegradation  at  the  Hangar  10  site.  Other  chemical  and  geochemical  evidence  must 
be  considered  to  evaluate  the  effects  of  biodegradation  on  plume  migration. 
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For  example,  the  lack  of  significant  downgradient  migration  suggests  that  natural 
attenuation  is  limiting  BTEX  plume  migration.  Based  on  the  estimated  advective 
ground  water  velocity  calculated  in  Section  3. 3. 3. 4  (1,600  ft/yr),  it  is  reasonable  to 
expect  that  the  plume  would  extend  much  further  downgradient  than  was  observed 
between  1993  and  1994.  However,  the  1994  data  suggest  that  the  plume  has  spread  no 
more  than  300  feet  further  downgradient.  Actual  spreading  may  be  less,  because  the 
downgradient  limit  of  the  1993  plume  was  not  well  defined.  In  addition,  the  core  of 
the  plume  (the  area  with  the  highest  concentrations)  appears  to  have  moved 
downgradient  between  1993  and  1994.  This  suggests  that  the  source  for  the  observed 
BTEX  contamination  was  not  contributing  significant  hydrocarbon  concentrations  into 
the  ground  water  during  that  period.  In  addition,  the  decrease  in  BTEX  concentrations 
between  June  1993  and  June  1994  suggests  that  significant  degradation  and  attenuation 
of  the  plume  occurred  during  that  time. 

It  is  noteworthy  that  total  BTEX  concentrations  in  wells  upgradient  of  OU4W 
(i.e.,  in  the  immediate  vicinity  of  Hangar  10)  increased  slightly  compared  to  the  1993 
results.  This  may  indicate  a  possible  upgradient  source,  or  it  may  indicate  increased 
dissolution  of  BTEX  from  a  small,  undiscovered  body  of  contaminated  soil. 

It  is  possible  that  some  of  the  difference  in  BTEX  concentrations  between  1993  and 
1994  might  be  accounted  for  by  the  different  analytical  methods  used  in  each 
investigation.  Samples  collected  in  1993  were  analyzed  using  a  modified  Method 
SW8015,  while  samples  collected  in  1994  were  analyzed  using  RSKSOP-133. 
However,  as  long  as  appropriate  procedures  are  followed  (e.g.,  sample  preservation, 
instrument  calibration,  duplicate  samples,  and  matrix  spike  analyses),  the  use  of 
different  analytical  methods  should  produce  compatible  results. 
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4.3.2  Inorganic  Chemistry  and  Geochemical  Indicators  of  Biodegradation 

Microorganisms  obtain  energy  for  cell  production  a.iJ  maintenance  by  facilitating 
the  transfer  of  electrons  from  electron  donors  to  electron  acceptors.  This  results  in  the 
oxidation  of  the  electron  donor  and  the  reduction  of  the  electron  acceptor.  Electron 
donors  at  the  Hangar  10  site  are  natural  organic  carbon  and  fuel  hydrocarbon 
compounds.  Fuel  hydrocarbons  are  completely  degraded  or  detoxified  if  they  are 
utilized  as  the  primary  electron  donor  for  microbial  metabolism  (Bouwer,  1992). 
Electron  acceptors  are  elements  or  compounds  that  occur  in  relatively  oxidized  states, 
and  include  oxygen,  nitrate,  ferrous  iron,  sulfate,  and  carbon  dioxide.  Microorganisms 
preferentially  utilize  electron  acceptors  while  metabolizing  fuel  hydrocarbons  (Bouwer, 
1992).  DO  is  utilized  first  as  the  prime  electron  acceptor.  After  the  DO  is  consumed, 
anaerobic  microorganisms  use  electron  acceptors  in  the  following  order  of  preference: 
nitrate,  ferric  iron  hydroxide,  sulfate,  and  finally  carbon  dioxide. 

Depending  on  the  types  and  concentrations  of  electron  acceptors  present  (e.g., 
nitrate,  sulfate,  carbon  dioxide),  pH  conditions,  and  redox  potential,  anaerobic 
biodegradation  can  occur  by  denitrification,  ferric  iron  reduction,  sulfate  reduction,  or 
methanogenesis.  Other,  less  common  anaerobic  degradation  mechanisms  such  as 
manganese  reduction  may  dominate  if  the  physical  and  chemical  conditions  in  the 
subsurface  favor  use  of  these  electron  acceptors.  Anaerobic  destruction  of  the  BTEX 
compounds  is  associated  with  the  accumulation  of  fatty  acids,  production  of  methane, 
solubilization  of  iron,  and  reduction  of  nitrate  and  sulfate  (Cozzarelli  et  al.,  1990; 
Wilson  et  al.,  1990).  Environmental  conditions  and  microbial  competition  will 
ultimately  determine  which  processes  will  dominate.  Vroblesky  and  Chapelle  (1994) 
show  that  the  dominant  terminal  electron  accepting  process  can  vary  both  temporally 
and  spatially  in  an  aquifer  with  fuel  hydrocarbon  contamination. 

Hangar  10  ground  water  data  for  electron  acceptors  such  as  nitrate  and  sulfate 
suggest  that  natural  attenuation  of  hydrocarbons  in  the  shallow  aquifer  by 
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denitrification  and  sulfate  reduction  is  occurring.  In  addition,  data  for  ferrous  iron 
(Fe’^)  and  methane  suggest  that  anaerobic  degradation  via  ferric  iron  reduction  and 
methanogenesis  is  occurring.  Geochemical  parameters  for  Hangar  10  ground  water  are 
discussed  in  the  following  sections. 

4.3.2. 1  Dissolved  Oxygen 

DO  concentrations  were  measured  at  monitoring  wells  in  June  1994.  Table  4.4 
summarizes  DO  concentrations.  Figure  4.3  is  an  isopleth  map  showing  the  distribution 
of  DO  concentrations  in  ground  water.  Comparison  of  Figures  4.2  and  4.3  shows 
graphically  that  areas  with  elevated  total  BTEX  concentrations  correlate  with  areas  with 
depleted  DO  concentrations.  This  is  an  indication  that  aerobic  biodegradation  of  the 
BTEX  compounds  is  occurring  at  the  site.  On  the  basis  of  the  low  DO  levels  measured 
at  the  site  (0.8  mg/L  maximum,  measured  near  the  downgradient  portion  of  the  plume), 
it  appears  that  DO  may  not  be  the  most  important  electron  acceptor  in  the  Hangar  10 
vicinity.  Anaerobic  processes  likely  play  a  more  significant  role  in  the  natural 
attenuation  of  petroleum  hydrocarbons. 

The  observed  DO  concentrations,  including  those  from  the  upgradient  well  OU4W- 
2,  appear  uncharacteristically  low,  given  the  high  porosity  and  permeability  of  the 
aquifer  and  the  low  ground  water  temperatures  (DO  solubility  increases  with 
decreasing  temperature).  In  addition,  DO  concentrations  measured  in  ground  water  in 
the  vicinity  of  the  ST41  site  at  Elmendorf  AFB  (approximately  1.5  miles  west  of 
Hangar  10)  were  as  high  as  12.6  mg/L  (Parsons  ES,  1994).  It  therefore  might  be 
expected  that  the  background  DO  concentration  at  this  site  would  be  much  higher.  The 
low  observed  upgradient  DO  concentration  suggests  that  other  known  or  unknown 
sources  of  contamination  are  consuming  DO  upgradient  of  the  Hangar  10  site. 
However,  the  maximum  DO  concentration  measured  at  the  site  (0.8  mg/L)  will  be 
assumed  to  be  the  background  DO  concentration  for  modeling  purposes. 
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The  following  equations  describe  the  overall  stoichiometry  of  aromatic  hydrocarbon 
mineralization  caused  by  aerobic  microbial  biodegradation.  In  the  absence  of  microbial 
cell  production,  the  oxidation  (mineralization)  of  benzene  to  carbon  dioxide  and  water 
is  given  by; 

+  l.SOj  6CO2  +  3H2O 

Therefore,  7.5  moles  of  oxygen  are  required  to  metabolize  1  mole  of  benzene.  On  a 
mass  basis,  the  ratio  of  oxygen  to  benzene  is  given  by: 

Benzene  6(  1 2)  +  6(  1 )  =  78  gm 

Oxygen  7.5(32)  =  240  gm 

Mass  Ratio  of  Oxygen  to  Benzene  =  240/78  =  3.08;  1 

Therefore,  in  the  absence  of  microbial  cell  production,  3.08  mg  of  oxygen  are  required 
to  completely  metabolize  1  mg  of  benzene. 

Similar  calculations  can  be  completed  for  toluene  (3.13  oxygen  to  1  toluene), 

f 

ethylbenzene  (3.17  oxygen  to  1  ethylbenzene),  and  the  xylenes  (3.17  oxygen  to  1 
xylene).  The  average  mass  ratio  of  oxygen  to  total  BTEX  is  thus  3.14:1.  This  means 
that  approximately  0.32  mg  of  BTEX  is  mineralized  for  every  1.0  mg  of  DO 
consumed.  With  a  maximum  probable  background  DO  concentration  of  approximately 
0.8  mg/L,  the  shallow  ground  water  at  this  site  has  the  capacity  to  assimilate 
0.26  mg/L  (260  pg/L)  of  total  BTEX  through  aerobic  biodegradation.  This  is  a 
conservative  estimate  of  the  assimilative  capacity  of  DO  because  microbial  cell  mass 
production  was  not  taken  into  account  by  the  stoichiometry  shown  above. 

When  cell  mass  production  is  accounted  for,  the  mineralization  of  benzene  to  carbon 
dioxide  and  water  is  given  by: 

CfeHe  +  2.5O2  +  HCO3  +  NH4  ->  C5H7O2N  +  2CO2  +  2H2O 
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From  this  it  can  be  seen  that  only  2.5  moles  of  DO  are  required  to  mineralize  1 
mole  of  benzene  when  cell  mass  production  is  taken  into  account.  On  a  mass  basis,  the 
ratio  of  DO  to  benzene  is  given  by: 

Lenzene  6(12)  +  1(6)  =  78  gm 

Oxygen  2.5(32)=  80  gm 

Mass  Ratio  of  Oxygen  to  Benzene  =  80/78  =  1.03:1 

On  the  basis  of  these  stoichiometric  relationships,  1.03  mg  of  oxygen  are  required  to 
mineralize  1  mg  of  benzene.  Similar  calculations  can  be  made  for  toluene, 
ethylbenzene,  and  the  xylenes.  Based  on  these  calculations,  approximately  0.97  mg  of 
BTEX  is  mineralized  to  carbon  dioxide  and  water  for  every  1.0  mg  of  DO  consumed. 
With  a  background  DO  concentration  of  approximately  0.8  mg/L,  the  shallow  ground 
water  at  this  site  has  the  capacity  to  assimilate  0.8  mg/L  (800  pg/L)  of  total  BTEX  if 
microbial  cell  mass  production  is  taken  into  account. 

4.3.2. 2  Nitrate/Nitrite 

Concentrations  of  nitrate  +  nitrite  [as  nitrogen  (N)]  were  measured  at  ground  water 
monitoring  wells  in  June  1994.  Nitrate  concentrations  at  the  site  range  from  <0.5 
mg/L  to  15.1  mg/L.  Table  4.4  summarizes  measured  nitrate  and  nitrite  (as  N) 
concentrations.  Figure  4.4  is  an  isopleth  map  showing  the  distribution  of  nitrate  + 
nitrite  (as  N)  in  ground  water  in  June  1994.  Comparison  of  this  figure  with  Figure  4.2 
shows  graphically  that  areas  with  elevated  total  BTEX  concentrations  have  depleted 
nitrate  +  nitrite  concentrations.  Comparison  of  Figures  4.3  and  4.4  shows  graphically 
that  areas  with  depleted  DO  concentrations  also  have  depleted  nitrate  +  nitrite 
concentrations.  These  relationships  provide  strong  evidence  that  anaerobic 
biodegradation  of  the  BTEX  compounds  is  occurring  at  the  site  through  the  microbially 
mediated  process  of  denitrification. 
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In  the  absence  of  microbial  cell  production,  the  biodegradation  of  benzene  via 
denitrification  to  carbon  dioxide  and  water  is  given  by; 

6N03'  +  6H"  +  6C02<g)  +  bHjO  +  3N2,g) 

On  the  basis  of  this  relationship,  6  moles  of  nitrate  are  required  to  mineralize  1  mole  of 
benzene.  On  a  mass  basis,  the  ratio  of  nitrate  to  benzene  is  given  by: 

Benzene  6(  1 2)  +  6(  1 )  =  78  gm 

Nitrate  6(62)  =  372  gm 

Mass  ratio  of  nitrate  to  benzene  =  372/78  =  4.77:1 

In  the  absence  of  microbial  cell  production,  4.77  mg  of  nitrate  are  required  to 
completely  mineralize  1  mg  of  benzene.  Similar  calculations  can  be  completed  for 
toluene  (4.85  mg  nitrate  to  1  mg  toluene),  ethylbenzene  (4.92  mg  nitrate  to  1  mg 
ethylbenzene),  and  the  xylenes  (4.92  mg  nitrate  to  1  mg  xylene).  The  average  mass 
ratio  of  nitrate  consumed  to  total  BTEX  degraded  is  4.9:1.  This  means  that 
approximately  0.20  mg  of  BTEX  is  mineralized  for  every  1.0  mg  of  nitrate  consumed. 
With  a  maximum  observed  nitrate  concentration  of  approximately  15  mg/L,  the  shallow 
ground  water  at  this  site  has  the  capacity  to  assimilate  3.0  mg/L  (3,000  pg/L)  of  total 
BTEX  during  denitrification.  This  is  a  conservative  estimate  of  the  assimilative 
capacity  of  nitrate  because  microbial  cell  mass  production  has  not  been  taken  into 
account  by  the  stoichiometry  shown  above  (see  Section  4.3.2. 1). 

4.3. 2.3  Ferrous  Iron 

Ferrous  iron  (Fe^^)  concentrations  were  measured  at  ground  water  monitoring  wells 
in  June  1994.  Table  4.4  summarizes  ferrous  iron  concentrations.  Figure  4.5  is  an 
isopleth  map  showing  the  distribution  of  ferrous  iron  in  ground  water.  Comparison  of 
Figures  4.5  and  4.2  shows  graphically  that  most  of  the  area  with  elevated  total  BTEX 
concentrations  has  elevated  ferrous  iron  concentrations.  This  suggests  that  ferric  iron 
hydroxide  (Fe^^)  is  being  reduced  to  ferrous  iron  during  biodegradation  of  BTEX 
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compounds.  The  highest  measured  ferrous  iron  concentration,  9.0  mg/L,  w  as  observed 
at  ESMW-IB.  Ferrous  iron  concentrations  of  4.3  and  4.6  mg/L  were  observed  at  W- 
18  and  OLf4W-4.  Well  OU4W-4  is  also  the  location  with  the  highest  total  BTEX 
concentration.  Background  levels  of  ferrous  iron  are  generally  at  or  below  0.4  mg/L, 
as  measured  at  wells  with  little  or  no  known  BTEX  contamination. 

The  following  equations  describe  the  overall  stoichiometry  of  benzene  oxidation  by 
iron  reduction  caused  by  anaerobic  microbial  biodegradation.  In  the  absence  of 
microbial  cell  production,  the  mineralization  of  benzene  is  given  by: 

60H'  +  30Fe(OH)3  a  +  6CO2  +  30Fe^^  +  TSHjO 

Therefore,  30  moles  of  ferric  iron  are  required  to  metabolize  1  mole  of  benzene.  On  a 
mass  basis,  the  ratio  of  ferric  iron  to  benzene  is  given  by; 

Benzene  6(  1 2)  +  6(  1 )  =  78  gm 

Ferric  Iron  30(106.85)  =  3205.41  gm 

Mass  ratio  of  ferric  iron  to  benzene  =  3205.41/78  =  41.1:1 

Therefore,  in  the  absence  of  microbial  cell  production,  41.1  mg  of  ferric  iron  are 
required  to  completely  metabolize  1  mg  of  benzene.  Alternatively,  the  mass  ratio  of 
ferrous  iron  produced  during  respiration  to  benzene  degraded  can  be  calculated  and  is 
given  by; 

Benzene  6(12)  +  6(1)  =  78  gm 

Ferrous  'ron  30(55.85)  =  1675.5  gm 

Mass  ratio  of  ferrous  iron  to  benzene  =  1675.5/78  =  21.5:1 

Therefore,  21.5  mg  of  ferrous  iron  are  produced  during  mineralization  of  1  mg  of 
benzene. 

Similar  calculations  can  be  completed  for  toluene  (21.86  mg  of  Fe^"^  produced 
during  mineralization  of  1  mg  of  toluene),  ethylbenzene  (22  mg  of  Fe^"^  produced 
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during  mineralization  of  1  mg  of  ethylbenzene),  and  the  xylenes  (22  mg  of  Fe'^ 
produced  during  mineralization  of  1  mg  of  xylene).  The  average  mass  ratio  of  Fe‘^ 
produced  during  total  BTEX  mineralization  is  thus  21.8:1.  This  means  that 
approximately  1  mg  of  BTEX  is  mineralized  for  every  21.8  mg  of  Fe^^  produced.  The 
highest  measured  Fe^^  concentration  was  9.0  mg/L.  This  suggests  that  the  shallow 
ground  water  at  this  site  has  the  capacity  to  assimilate  0.41  mg/L  (410  pg/L)  of  total 
BTEX  during  iron  reduction.  This  is  a  conservative  estimate  of  the  assimilative 
capacity  of  iron  because  microbial  cell  mass  production  has  not  been  taken  into  account 
by  the  stoichiometry  shown  above  (see  Section  4.3.2. 1).  In  addition,  this  calculation 
is  based  on  observed  ferrous  iron  concentrations  and  not  on  the  amount  of  ferric 
hydroxide  available  in  the  aquifer.  Therefore,  iron  assimilative  capacity  could  be  much 
higher. 

4.3.2.4  Sulfate 

Sulfate  concentrations  were  measured  at  ground  water  monitoring  wells  in 
June  1994.  Sulfate  concentrations  at  the  Hangar  10  site  range  from  3.39  mg/L  to  26.7 
mg/L.  Table  4.4  summarizes  measured  sulfate  concentrations.  Figure  4.6  is  an 
isopleth  map  showing  the  distribution  of  sulfate  in  ground  water  in  June  1994. 
Comparison  of  Figures  4.6  and  4.2  shows  graphically  that  areas  with  elevated  total 
BTEX  concentrations  have  depleted  sulfate  concentrations.  This  is  a  strong  indication 
that  anaerobic  biodegradation  of  BTEX  compounds  is  occurring  at  the  site  through  the 
microbially  mediated  process  of  sulfate  reduction. 
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The  following  equations  describe  the  overall  stoichiometry  of  BTEX  oxidation  by 
sulfate  reduction  caused  by  anaerobic  microbial  biodegradation.  In  the  absence  of 
microbial  cell  production,  the  biodegradation  of  benzene  is  given  by: 

7.5H'  +  3.75S04^'  +  bCO,,.,  +  3.75H2S‘’  +  SHjO 

Therefore,  3.75  moles  of  sulfate  are  required  to  mineralize  1  mole  of  benzene.  On  a 
mass  basis,  the  ratio  of  sulfate  to  benzene  is  given  by; 

Benzene  6(  1 2)  +  6(  1 )  =  78  gm 

Sulfate  3.75(96)  =  360  gm 

Mass  ratio  of  sulfate  to  benzene  =  360/78  =  4.6: 1 

Therefore,  in  the  absence  of  microbial  cell  production,  4.6  mg  of  sulfate  are 
required  to  completely  mineralize  1  mg  of  benzene.  Similar  calculations  can  be 
completed  for  toluene  (4.7  mg  sulfate  to  1  mg  toluene),  ethylbenzene  (4.75  mg  sulfate 
to  1  mg  ethylbenzene),  and  the  xylenes  (4.75  mg  sulfate  to  1  mg  xylene).  The  average 
mass  ratio  of  sulfate  to  total  BTEX  is  thus  4.7:1.  This  means  that  approximately 
0.21  mg  of  BTEX  is  mineralized  for  every  1.0  mg  of  sulfate  consumed.  Assuming  a 
background  sulfate  concentration  of  26  mg/L,  the  shallow  ground  water  at  this  site  has 
the  capacity  to  assimilate  5.46  mg/L  (5,460  pg/L)  of  total  BTEX  during  sulfate 
reduction.  Again,  this  is  a  very  conservative  estimate  of  the  assimilative  capacity  of 
sulfate  because  microbial  cell  mass  production  has  not  been  taken  into  account  by  the 
stoichiometry  shown  above  (see  Section  4.3.2. 1). 

4.3.2.5  Methane  in  Ground  Water 

Methane  concentrations  were  measured  at  ground  water  monitoring  wells  in 
June  1994.  Tabic  4.4  summarizes  methane  concentrations.  Figure  4.7  is  an  isopleth  map 
showing  the  distribution  of  methane  in  ground  water.  Comparison  of  Figures  4.2  and  4.7 
shows  graphically  that  areas  with  elevated  total  BTEX  concentrations  correlate  with 
elevated  methane  concentrations.  This  is  a  strong  indication  that  anaerobic 
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biodegradation  of  the  BTEX  compounds  is  occurring  at  the  site.  This  is  consistent  with 
other  electron  acceptor  data  for  this  site,  with  the  area  having  elevated  methane 
concentrations  corresponding  with  the  areas  with  depleted  DO,  nitrate,  and  sulfate 
concentrations  and  elevated  ferrous  iron  concentrations. 

Methane  concentrations  ranged  from  <0.001  mg/L  to  9.1  mg/L.  Background 
levels  of  methane  at  wells  outside  areas  with  known  BTEX  contamination  are  below 
0.01  mg/L.  Samples  collected  from  monitoring  wells  located  near  the  area  with  the 
highest  BTEX  concentrations  contain  the  highest  methane  concentrations.  In  these 
locations,  methane  concentrations  range  from  about  0.133  to  9.1  mg/L.  The  highest 
methane  concentration  observed  at  the  site  was  in  ESMW-2,  with  significantly  elevated 
concentrations  also  present  in  wells  W-18,  ESMW-IB,  OU4W-1,  and  OU4W-4. 

The  following  equations  describe  the  overall  stoichiometry  of  benzene  oxidation  by 
methanogenesis.  In  the  absence  of  microbial  cell  production,  the  mineralization  of 
benzene  is  given  by: 

+  4.5H2O  -)■  2.25CO2  +  3.75CH4 

The  mass  ratio  of  methane  produced  during  respiration  to  benzene  degraded  can  be 
calculated  and  is  given  by: 

Benzene  6(12)  +  6(1)  =  78  gm 

Methane  3.75(16)  =  60  gm 

Mass  ratio  of  methane  to  benzene  =  60/78  =  0.77:1 

Therefore,  0.77  mg  of  methane  is  produced  during  mineralization  of  1  mg  of 
benzene.  Similar  calculations  can  be  completed  for  toluene  (0.78  mg  of  methane 
produced  during  mineralization  of  1  mg  of  toluene),  ethylbenzene  (0.79  mg  of  methane 
are  produced  during  mineralization  of  1  mg  of  ethylbenzene),  and  the  xylenes  (0.79  mg 
of  methane  are  produced  during  mineralization  of  I  mg  of  xylene).  The  average  mass 
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ratio  of  methane  produced  during  total  BTEX  mineralization  is  thus  0.78:1.  This 
means  that  approximately  1  mg  of  BTEX  is  mineralized  for  every  0.78  mg  of  methane 
produced.  The  highest  measured  methane  concentration  was  9. 1  mg/L.  This  suggests 
that  the  shallow  ground  water  at  this  site  has  the  capacity  to  assimilate  up  to  1 1.6  mg/L 
(11,600  fig/L)  of  total  BTEX  during  methanogenesis.  Again,  this  is  a  conservative 
estimate  of  the  assimilative  capacity  of  methanogenesis  because  microbial  cell  mass 
production  is  not  taken  into  account  by  the  stoichiometry  shown  above  (see 
Section  4.3.2. 1).  In  addition,  these  calculations  are  based  on  observed  methane 
concentrations  and  not  on  the  amount  of  carbon  dioxide  available  in  the  aquifer. 
Therefore,  methanogenic  assimilative  capacity  could  be  much  higher. 

4.3. 2. 6  Reduction/Oxidation  Potential 

Redox  potentials  were  measured  at  ground  water  monitoring  wells  in  June  1994. 
Redox  potential  is  a  measure  of  the  relative  tendency  of  a  solution  to  accept  or  transfer 
electrons.  The  redox  potential  of  a  ground  water  system  depends  on  which  electron 
acceptor  is  being  reduced  by  microbes  during  BTEX  oxidation.  The  redox  potential  at 
the  Hangar  10  site  ranges  from  257.1  millivolts  (mV)  to  -120  mV.  Table  4.4 
summarizes  available  redox  potential  data.  Figure  4.8  is  a  map  that  graphically 
illustrates  the  distribution  of  redox  potentials.  Redox  is  decreased  to  values  below  -80 
mV  in  the  vicinity  of  OU4W-4  and  W-18.  As  expected,  areas  at  the  site  with  low 
redox  potentials  appear  to  coincide  with  areas  of  high  BTEX  contamination,  low  DO, 
nitrate,  and  sulfate  concentrations,  and  elevated  ferrous  iron  and  methane 
concentrations  (compare  Figure  4.8  with  Figures  4.2,  4.3,  4.4,  4.5,  4.6,  and  4.7). 

4.3.2. 7  Alkalinity 

Total  alkalinity  (as  calcium  carbonate)  was  measured  at  ground  water  monitoring 
wells  in  June  1994.  These  measurements  are  summarized  in  Table  4.4.  Alkalinity  is  a 
measure  of  a  ground  water’s  ability  to  buffer  changes  in  pH  caused  by  the  addition  of 
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biologically  generated  acids.  Total  alkalinity  at  the  site  is  in  the  low  to  moderate  range 
for  ground  water,  varying  from  93.9  mg/L  at  ESMW-4B  to  467  mg/L  at  W-19.  This 
amount  of  alkalinity  should  be  sufficient  to  buffer  potential  changes  in  pH  caused  by 
biologically  mediated  BTEX  oxidation  reactions. 

4.3.2.8  pH 

pH  was  measured  at  ground  water  monitoring  points  and  existing  monitoring  wells 
in  June  1994.  These  measurements  are  summarized  in  Table  4.4.  The  pH  of  a 
solution  is  the  negative  logarithm  of  the  hydrogen  ion  concentration  [H^].  Ground 
water  pH  at  the  Hangar  10  site  ranges  from  6.4  to  7.2.  The  majority  of  ground  water 
samples  had  a  pH  of  6.9  to  7.2.  This  range  of  pH  is  within  the  optimal  range  for 
BTEX-degrading  microbes. 

4.3.2.9  Temperature 

Ground  water  temperature  was  measured  at  ground  water  monitoring  points  and 
existing  monitoring  wells  in  June  1994.  Table  4.4  summarizes  ground  water 
temperature  readings.  Temperature  affects  the  types  and  growth  rates  of  bacteria  that 
can  be  supported  in  the  ground  water  environment,  with  higher  temperatures  generally 
resulting  in  higher  growth  rates.  Temperatures  in  the  shallow  aquifer  varied  from 
5.5  degrees  Celsius  (°C)  to  8.2'’C.  These  are  relatively  low  temperatures  for  shallow 
ground  water,  suggesting  that  bacterial  growth  rates  could  be  lower  than  those  seen  in 
warmer  ground  water. 

4.3.2.10  Volatile  Fatty  Acids 

At  OU4W-3,  USEPA  researchers  collected  samples  for  volatile  fatty  acids  analysis. 
This  test  is  a  gas  chromatograph/mass  spectrometer  method  wherein  the  samples  are 
compared  to  a  standard  mixture  containing  13  phenols,  25  aliphatic  acids,  and  19 
aromatic  acids.  Compounds  in  the  standard  mixture  are  typically  associated  with 
microbial  processes  that  break  down  petroleum  hydrocarbons. 
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USEPA  researchers  reported  that  the  sample  from  OU4W-3  contained  detectable 
concentrations  of  many  of  the  standard  components.  Aromatic  acids  were  present  in 
the  highest  concentrations,  with  lower  concentrations  of  aliphatic  acids, 
alkenyl/cycloalkylcorboxylaic  acids,  and  phenols.  Benzioc  acid  was  detected  in  the 
greatest  concentrations.  USEPA  correspondence  regarding  this  analysis  is  presented 
along  with  analytical  results  in  Appendix  B. 

4.3.3  Expressed  Assimilative  Capacity 

The  data  presented  in  the  preceding  sections  suggest  that  mineralization  of  BTEX 
compounds  is  occurring  through  the  microbially  mediated  processes  of  aerobic 
respiration,  denitrification,  iron  and  sulfate  reduction,  and  methanogenesis.  On  the 
basis  of  the  stoichiometry  presented  in  these  sections,  the  expressed  BTEX  assimilative 
capacity  of  ground  water  at  the  Hangar  10  site  is  at  least  20,730  pg/L  (Table  4.5).  The 
calculations  presented  in  the  earlier  sections  are  conservative  because  they  do  not 
account  for  microbial  cell  mass  production.  In  addition,  the  measured  concentrations 
of  ferrous  iron  and  methane  may  not  be  the  maximum  achievable.  The  highest 
plausible  dissolved  total  BTEX  concentration  observed  at  the  site  was  22,200  pg/L,  at 
HydroPunch*  location  WH-10  in  June  1993.  In  1994,  the  highest  dissolved  BTEX 
concentrations  observed  at  the  site  was  477.6  pg/L  at  monitoring  well  OU4W-4, 
suggesting  that  concentrations  have  decreased. 

On  the  basis  of  site  observations  and  the  calculations  presented  in  the  preceding 
sections,  ground  water  at  the  Hangar  10  site  has  more  than  sufficient  assimilative 
capacity  to  degrade  the  observed  dissolved  BTEX  and  limit  plume  migration  to  less 
than  300  feet  per  year.  As  noted  in  Section  4.3.2. 1,  the  upgradient  DO  concentrations 
at  the  site  appear  uncharacteristically  low  and  may  not  reflect  background 
concentrations.  As  a  result,  the  assimilative  capacity  of  the  ground  water  presented  in 
Table  4.5  may  be  underestimated  because  the  assumed  background  DO  concentration 
does  not  reflect  the  actual  background  concentration. 
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TABLE  4.5 

EXPRESSED  ASSIMILATIVE  CAPACITY  OF  SITE  GROUND  WATER 
HANGAR  10  INTRINSIC  REMEDIATION  TS 
ELMENDORF  AFB,  ALASKA 


» 


Electron  Acceptor  or  Process 

Expressed  BTEX 
Assimilative 
Capacity  (pg/L) 

Dissolved  Oxygen 

260 

Nitrate 

3,000 

Iron  Reduction 

410 

Sulfate 

5,460 

Methanogenesis 

11,600 

Expressed  Assimilative  Capacity 

20,730 

Highest  observed  Total  BTEX  Concentration,  June  1993“^ 

22,200 

Highest  observed  Total  BTEX  Concentration,  June  1994*’^ 

477 

^  Analyzed  by  modified  EPA  Method  SW8015 
^Unalyzed  by  RSKSOP-133 


» 
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SECTION  5 

GROUND  WATER  MODEL 

5.1  GENERAL  OVERVIEW  AND  MODEL  DESCRIPTION 

In  order  to  help  estimate  degradation  rates  for  dissolved  BTEX  compounds  at  the 
Hangar  10  site  and  to  help  predict  the  future  migration  of  these  compounds.  Parsons 
ES  modeled  the  fate  and  transport  of  the  dissolved  BTEX  plume.  The  modeling  effort 
had  three  primary  objectives:  1)  to  predict  the  fiimre  extent  and  concentration  of  the 
dissolved  contaminant  plume  by  modeling  the  combined  effects  of  advection, 
dispersion,  sorption,  and  biodegradation;  2)  to  assess  the  possible  risk  to  potential 
downgradient  receptors;  and  3)  to  provide  technical  support  for  the  intrinsic 
remediation  remedial  option  at  post-modeling  regulatory  negotiations.  The  model  was 
developed  using  site-specific  data  and  conservative  assumptions  about  governing 
physical  and  chemical  processes.  Because  of  the  conservative  nature  of  model  input, 
the  reduction  in  contaminant  mass  caused  by  natural  attenuation  is  expected  to  exceed 
model  predictions.  This  analysis  is  not  intended  to  represent  a  baseline  assessment  of 
potential  risks  posed  by  site  contamination. 

Although  a  basewide  ground  water  flow  and  contaminant  transport  model  has 
already  been  assembled  and  calibrated  (Radian,  1994b),  a  site-specific  Bioplume  II 
model  was  assembled  for  this  study.  The  Bioplume  11  code  was  used  to  estimate  the 
potential  for  dissolved  BTEX  migration  and  degradation  by  naturally  occurring 
mechanisms  operating  at  the  Hangar  10  site.  The  Bioplume  II  model  code  incorporates 
advection,  dispersion,  sorption,  and  biodegradation  to  simulate  contaminant  plume 
migration  and  degradation.  The  model  is  based  upon  the  USGS  Method  of 
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Characteristics  (MOC)  two-dimensional  (2-D)  solute  transport  model  of  Konikow  and 
Bredehoeft  (1978).  The  model  code  was  modified  by  researchers  at  Rice  University  to 
include  a  biodegradation  component  that  is  activated  by  a  superimposed  DO  plume. 
Based  on  the  work  of  Borden  and  Bedient  (1986),  the  model  assumes  a  reaction 
between  DO  and  BTEX  that  is  instantaneous  relative  to  the  advective  ground  water 
velocity.  Bioplume  II  solves  the  USGS  2-D  solute  transport  equation  twice,  once  for 
hydrocarbon  concentrations  in  the  aquifer  and  once  for  a  DO  plume.  The  two  plumes 
are  combined  using  superposition  at  every  particle  move  to  simulate  the  instantaneous, 
biologically-mediated,  reaction  between  hydrocarbons  and  oxygen. 

In  recent  years  it  has  become  apparent  that  anaerobic  processes  such  as 
denitrification,  iron  reduction,  sulfate  reduction,  and  methanogenesis  can  be  important 
BTEX  degradation  mechanisms  (Grbic'-Galic',  1990;  Beller  et  al.,  1992;  Edwards  et 
al.,  1992;  Edwards  and  Grbic'-Galic',  1992,  Grbic'-Galic'  and  Vogel,  1987;  Lovely 
et  al.,  1989;  Hutchins,  1991).  Because  there  is  evidence  that  anaerobic  biodegradation 
processes  are  occurring  at  the  Hangar  10  site,  these  processes  were  accounted  for 
during  Bioplume  II  modeling  using  a  first  order  anaerobic  decay  coefficient.  The 
following  subsections  discuss  in  more  detail  the  model  setup,  input  parameters  and 
assumptions,  model  calibration,  and  simulation  results. 

5.2  CONCEPTUAL  MODEL  DESIGN  AND  ASSL^MPTIONS 

Prior  to  developing  a  ground  water  model,  it  is  important  to  determine  if  sufficient 
data  are  available  to  provide  a  reasonable  estimate  of  aquifer  conditions.  In  addition,  it 
is  important  to  ensure  that  any  limiting  assumptions  can  be  justified.  The  most 
important  assumption  made  when  using  the  Bioplume  II  model  is  that  oxygen-limited 
biodegradation  is  occurring  at  the  site.  The  Bioplume  II  model  assumes  that  the 
limiting  factors  for  biodegradation  are;  1)  the  presence  of  an  indigenous  hydrocarbon 
degrading  microbial  population,  and  2)  sufficient  background  electron  acceptor 
concentrations.  Data  and  information  presented  in  Sections  3  and  4  suggest  that 
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oxygen,  nitrate,  ferric  hydroxide,  sulfate,  and  carbon  dioxide  (methanogenesis)  are 
being  used  as  electron  acceptors  for  aerobic  and  anaerobic  biodegradation.  To  be 
conservative,  only  oxygen  was  used  as  an  electron  acceptor  in  the  Bioplume  II  model 
presented  herein.  To  model  biodegradation  of  BTEX  with  DO  as  the  primary  electron 
acceptor,  the  isopleth  map  for  oxygen  was  superimposed  on  the  model  grid.  Data  from 
this  map  were  then  used  for  model  input. 

Based  on  the  data  presented  in  Section  3,  the  shallow  saturated  zone  was 
conceptualized  and  modeled  as  a  shallow  unconfined  aquifer  comprised  of  gravelly 
sand  to  sandy  gravel  (Figures  3.3  and  3.4).  The  use  of  a  2-D  model  is  appropriate  at 
the  Hangar  10  site  because  the  saturated  interval  is  relatively  homogenous,  and  water 
level  data  indicate  that  the  local  flow  system  as  defined  by  horizontal  and  vertical 
gradients  will  likely  prevent  significant  downward  vertical  migration  of  dissolved 
contamination.  Existing  evidence  suggests  that  mobile  LNAPL  is  not  present  at  the 
site.  Contaminated  soils  at  the  site  have  not  been  remediated,  but  because  soil 
contaminant  data  did  not  delineate  a  significant  source  area  with  high  total  BTEX 
concentrations,  initial  model  simulations  did  not  include  continuing  sources  of 
dissolved  BTEX  contamination.  This  approach  is  justified  because  of  the  observed 
decrease  in  contaminant  concentrations  between  1993  and  1994,  and  because  the  plume 
core  appeared  to  separate  and  move  away  from  the  postulated  source  area.  This  data 
suggests  that  this  plume  may  be  the  result  of  a  single  spill  event  rather  than  a 
continuing  discharge  of  fuel. 

5.3  INITIAL  MODEL  SETUP 

Where  possible,  the  initial  setup  for  this  model  was  based  on  existing  site  data. 
Where  site-specific  data  were  not  available  (e.g.,  effective  porosity),  reasonable 
assumptions  for  the  types  of  materials  comprising  the  shallow  aquifer  were  made  based 
on  widely  accepted  literature  values.  The  following  sections  describe  the  basic  model 
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setup.  Those  Bioplume  II  model  parameters  that  were  varied  during  model  calibration 
are  discussed  in  Section  5.4. 

5.3.1  Grid  Design  and  Boundary  Conditions 

The  maximum  grid  size  for  the  Bioplume  II  model  is  limited  to  20  columns  by  30 
rows.  The  dimension  of  each  column  and  row  can  range  from  0.1  to  999.9  feet.  A 
20-  by  30-cell  grid  was  used  to  model  the  Hangar  10  site.  Each  grid  cell  was  250  feet 
long  by  200  feet  wide.  The  grid  was  oriented  so  that  the  longest  dimension  was 
parallel  to  the  overall  direction  of  ground  water  flow.  The  model  grid  covers  an  area 
of  30  million  square  feet,  or  approximately  689  acres.  The  full  extent  of  the  model 
grid  is  indicated  on  Figure  5.1. 

Model  boundaries  are  mathematical  statements  that  represent  hydrogeologic 
boundaries,  such  as  areas  of  specified  head  (e.g.,  surface  water  bodies  or  contour  lines 
of  constant  hydraulic  head)  or  specified  flux.  Hydrogeologic  boundaries  are 
represented  by  three  mathematical  statements  that  describe  the  hydraulic  head  at  the 
model  boundaries.  These  include; 

•  Specified-head  boundaries  (Dirichlet  condition)  for  which  the  head  is 
determined  as  a  function  of  location  and  time  only.  Surface  water  bodies 
exhibit  constant  head  conditions.  Specified-head  boundaries  are  expressed 
mathematically  as; 

Head  =  fix, y,z,t) 

where  /  is  the  function  symbol,  x,  y,  and  z  are  position  coordinates,  and  t  is 
time. 

•  Specified-flow  boundaries  (Neumann  conditions)  for  which  the  mathematical 
description  of  the  flux  across  the  boundary  is  given.  The  flux  is  defined  as  a 
volumetric  flow  rate  per  unit  area  (e.g.,  ft^/ft^/day).  No-flow  boundaries  are  a 
special  type  of  specified  flow  boundary  and  are  set  by  specifying  the  flux  to  be 
zero.  Examples  of  no-flow  boundaries  include  ground  water  divides  and 

5^ 


022/722450.1 19.  WW6 


OoMrO  NJNJNJNJNJNJ  N3NJ— 

o  cDCD  '^cncn-fi^  (j4N)  -*  0^00^  cDcn 


L:\45007\DRAWINGS\CALHEADS.  3/09/95  ot  11:00 


0  125250  500 


1000 


FEET 


FINAL 


impermeable  hydrostratigraphic  units.  Specified-flux  boundaries  are 
expressed  mathematically  as; 

Flux  =  f(x,y,zj) 

•  3)  Head-dependent  flow  boundaries  (Cauchy  or  mixed  boundary  conditions) 
where  the  flux  across  the  boundary  is  calculated  from  a  given  boundary  head 
value.  This  type  of  flow  boundary  is  sometimes  referred  to  as  a  mixed 
boundary  condition  because  it  is  a  combination  of  a  specified-head  boundary 
and  a  specified-flow  boundary.  Head-dependent  flow  boundaries  are  used  to 
model  leakage  across  semipermeable  boundaries.  Head-dependent  flow 
boundaries  are  expressed  mathematically  as  (Bear,  1979): 


Where; 


Flia  = 


B' 


H  =  Head  in  the  zone  being  modeled  (generally  the  zone 
containing  the  contaminant  plume) 

Ho  =  Head  in  external  zone  (separated  from  plume  by 
semipermeable  layer) 

K’  =  Hydraulic  conductivity  of  semipermeable  layer 
B'  =  Thickness  of  semipermeable  layer. 


Natural  hydraulic  boundaries  are  modeled  using  a  combination  of  the  three  types  of 
model  boundary  conditions  listed  above.  When  possible,  hydrologic  boundaries  such 
as  surface  water  bodies,  ground  water  divides,  contour  lines,  or  hydrologic  barriers 
should  coincide  with  the  perimeter  of  the  model.  In  areas  lacking  obvious  hydrologic 
boundaries,  specified-head  or  specified-flux  boundaries  can  be  specified  at  the  model 
perimeter  if  the  boundaries  are  far  enough  removed  from  the  contaminant  plume  that 
transport  calculations  are  not  affected.  Bioplume  11  requires  the  entire  model  domain  to 
be  bounded  by  zero-flux  cells  (also  known  as  no-flow  cells),  with  other  boundary 
conditions  established  within  the  subdomain  specified  by  the  no-flow  cells. 
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Spccified-head  boundaries  for  the  model  were  set  on  the  northeastern  and 
southwestern  perimeter  of  the  model  grid  to  simulate  the  south-southwest  ground  water 
flow  observed  at  the  site.  Both  boundaries  were  set  in  the  approximate  location  of  the 
water  table  indicated  by  water  level  data.  The  head  of  the  northeastern  boundary  was 
estimated  to  be  from  160.3  to  160.7  feet  above  msl.  The  southwestern  model  boundary 
was  defined  by  the  assumed  downgradient  position  of  the  149.5-fooi  water  table 
contour.  The  location  of  this  contour  was  estimated  from  available  water  table 
elevation  and  flow  gradient  data.  These  constant-head  cells  were  placed  far  enough 
away  from  the  BTEX  plume  to  avoid  potential  boundary  interferences. 

The  eastern  and  western  model  boundaries  were  configured  as  no-flow  (specified 
flux)  boundaries.  In  this  case,  the  flux  through  these  boundaries  is  assumed  to  be  zero 
because  flow  is  generally  parallel  to  these  boundaries.  The  base  or  lower  boundary  of 
the  model  is  also  assumed  to  be  no-flow,  and  is  defined  by  the  upper  surface  of  the 
confining  Bootlegger  Cove  Formation.  The  upper  model  boundary  is  defined  by  the 
simulated  water  table  surface. 

5.3.2  Ground  Water  Elevation  and  Gradient 

The  water  table  elevation  map  presented  in  Figure  3.5  was  used  to  define  the 
starting  heads  input  into  the  Bioplume  II  model.  Ground  water  flow  in  the  vicinity  of 
the  Hangar  10  site  is  to  the  south-southwest  with  an  average  gradient  of  approximately 
0.(X)2  ft/ft  between  monitoring  wells  OU4W-3  and  ESMW-3A.  Data  quantifying 
seasonal  variations  in  ground  water  flow  direction  and  gradient  at  the  site  are  presented 
by  Jacobs  Engineering  Group  (1994a).  These  data  suggest  that  there  are  no  significant 
seasonal  variations  in  ground  water  flow  direction,  and  that  seasonal  gradients 
consistently  vary  around  the  average  of  approximately  0.002  ft/ft.  As  a  result,  it  was 
assumed  that  the  observed  water  levels  were  representative  of  steady-state  conditions. 
As  described  in  Section  5.4.1,  the  model  was  calibrated  to  the  observed  water  table. 
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5.3.3  BTEX  Concentrations 

The  total  dissolved  BTEX  concentrations  obtained  from  laboratory  analytical  results 
for  each  well  location  were  used  for  model  development.  At  well  nests,  the  highest 
BTEX  concentration  observed  at  that  location  was  used.  Table  4.3  presents  dissolved 
BTEX  concentration  data.  Figures  4.1  and  4.2  show  the  spatial  distribution  of 
dissolved  BTEX  compounds  in  June  1993  and  June  1994,  respectively. 

The  BTEX  plume  observed  in  June  1993  covers  an  area  of  at  least  1,700,000  square 
feet  (39  acres).  The  BTEX  plume  observed  in  June  1994  covers  an  area  of 
approximately  3,400,000  square  feet  (78  acres).  However,  while  the  plume  spread 
laterally  during  this  1-year  period,  it  did  not  migrate  more  than  300  feet  downgradient. 
The  shape  and  distribution  of  the  total  BTEX  plume  is  the  result  of  advective-dispersive 
transport  and  biodegradation  of  dissolved  BTEX  contamination.  As  described  in 
Section  5.4.2,  the  simulated  BTEX  plume  was  calibrated  to  match  the  observed  BTEX 
plume. 

5.3.4  Dissolved  Oxygen 

As  discussed  previously,  the  Bioplume  11  model  assumes  an  instantaneous  reaction 
between  the  BTEX  plume  and  the  DO  plume.  The  discussion  presented  in  Section  4 
suggests  that  DO,  nitrate,  ferric  iron,  sulfate,  and  carbon  dioxide  (methanogenesis)  are 
being  used  as  electron  acceptors  for  biodegradation  of  BTEX  compounds  at  the  Hangar 
10  site.  To  be  conservative,  the  total  BTEX  plume  at  the  site  was  modeled  assuming 
that  DO  was  the  only  electron  acceptor  being  utilized  at  a  rate  that  is  instantaneous 
relative  to  the  advective  ground  water  flow  velocity  for  the  biodegradation  of  the 
BTEX  compounds. 

Ground  water  samples  collected  in  uncontaminated  portions  of  the  aquifer  suggest 
that  background  DO  concentrations  at  the  site  are  approximately  0.8  mg/L.  Therefore, 
background  oxygen  levels  were  assumed  to  be  0.8  mg/L  for  Bioplume  II  model 
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development.  Table  4.4  contains  DO  data  for  the  site.  Figure  4.3  is  a  DO  isopleth 
map.  Oxygen  input  data  are  included  in  Appendix  C. 

The  upgradient  constant-head  cells  in  the  Bioplume  II  model  require  background  DO 
concentrations  to  be  input  as  constant  concentrations  to  simulate  incoming  electron 
acceptors.  The  background  DO  concentration  of  0.8  mg/L  was  used  for  these  cells. 

5.3.5  Anaerobic  Degradation  Rates 

Available  data  strongly  suggest  that  anaerobic  degradation  is  occurring  at  the 
Hangar  10  site.  Because  DO  concentrations  at  this  site  are  relatively  low,  anaerobic 
degradation  must  be  simulated  with  Bioplume  II  so  that  predictions  are  meaningful.  To 
account  for  anaerobic  degradation  of  BTEX  compounds,  the  Bioplume  II  model 
simulates  anaerobic  biodegradation  by  assuming  that  such  degradation  follows  first- 
order  kinetics.  As  with  a  large  number  of  biological  processes,  anaerobic 
biodegradation  can  generally  be  described  using  a  first  order  rate  constant  and  the 
equation: 


Where;  C  =  Contaminant  Concentration  at  Time  t 
Co  =  Initial  Conttuninant  Concentration 
k  =  Coefficient  of  Anaerobic  Decay  (anaerobic  rate  constant) 
t  =  time 


In  order  to  calculate  anaerobic  rate  constants,  the  apparent  degradation  rate  must  e 
normalized  for  the  effects  of  dilution  caused  by  advective-dispersive  processes.  This  is 
accomplished  by  normalizing  the  concentration  of  each  contaminant  to  the 
concentration  of  a  component  of  jet  fuel  (a  tracer)  that  has  similar  sorptive  properties 
but  that  is  fairly  recalcitrant.  Observed  concentration  data  can  be  normalized  to  1,3,5- 
TMB,  1,2,4-TMB,  and  1,2,3-TMB  or  another  tracer  with  similar  physiochemical 
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properties.  The  TMB  suite  serves  as  a  J  tracer  because  it  is  known  to  be 
recalcitrant  under  anaerobic  conditions,  and  has  sorptive  properties  similar  to  the 
BTEX  compounds  (Cozzarelli  el  al.,  1990,  and  Cozzarelli  el  al.,  1994). 

Anaerobic  rate  constants  were  calculated  based  on  BTEX  and  TMB  data  from 
June  1994  (presented  in  Table  4.3).  Rate  constant  calculations  are  included  in 
Appendix  C.  Calculated  constants  for  the  Hangar  10  site  range  from  0.009  day  '  to 
0.019  day  ’.  A  review  of  recent  literature  indicates  that  similar  rate  constants  have 
been  observed  at  other  sites.  For  example,  Chapelle  (1994)  reported  that  at  two 
different  sites  with  anaerobic  conditions,  the  anaerobic  rate  constants  were  both 
approximately  0.01  day’.  Wilson  el  al.  (1994),  report  first-order  anaerobic 
biodegradation  rates  of  0.05  to  1.3  week  ’  (0.007  to  0.185  day  ’).  Stauffer  el  al.  (1994) 
reports  rate  constants  of  0.01  and  0.018  for  benzene  and  p-xylene,  respectively. 

Based  on  the  site-specific  calculations  and  the  literature  values,  an  anaerobic  rate 
constant  of  0.01  day  '  was  used  in  the  Bioplume  II  model.  This  value  was  selected 
because  it  is  in  the  lower  range  of  the  site-specific  values  and  is  within  the  range  of  the 
values  reported  in  the  literature. 

5.4  MODEL  CALIBRATION 

Model  calibration  is  an  important  component  in  the  development  of  any  numerical 
ground  water  model.  Calibration  of  the  flow  model  demonstrates  that  the  model  is 
capable  of  matching  hydraulic  conditions  observed  at  the  site;  calibration  of  a 
contaminant  transport  model  superimposed  upon  the  calibrated  flow  model  helps  verify 
that  contaminant  loading  and  transport  conditions  are  being  appropriately  simulated. 
The  numerical  flow  model  presented  herein  was  calibrated  by  altering  transmissivity  in 
a  trial-and-error  fashion  until  simulated  heads  approximated  observed  field  values 
within  a  prescribed  accuracy.  After  calibration  of  the  flow  model,  the  numerical 
transport  model  was  calibrated  by  altering  hydraulic  parameters  and  transport 
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parameters  in  a  trial-and-error  fashion  until  the  simulated  BTEX  plume  approximated 
observed  field  values.  Table  5.1  lists  input  parameters  used  for  the  modeling  effort. 
Model  input  and  output  is  included  in  Appendix  D. 

5.4.1  Water  Table  Calibration 

The  shallow  water  table  at  the  Hangar  10  site  was  assumed  to  be  influenced  only  by 
continuous  recharge  and  discharge  at  the  constant-head  cells  established  at  the 
upgradient  and  downgradient  model  boundaries.  To  be  conservative,  recharge  of  the 
aquifer  through  rainfall  (which  would  add  water,  thereby  increasing  dilution  of  the 
plume)  was  not  included  in  the  model.  Potential  recharge  by  other  sources  was  omitted 
because  of  a  lack  of  reliable  data.  Only  the  initial  water  levels  at  the  constant-head 
cells  and  the  transmissivity  values  were  varied  to  calibrate  the  water  table  surface.  The 
model  was  calibrated  under  steady-state  conditions. 

Hydraulic  conductivity  is  an  important  aquifer  characteristic  that  determines  the 
ability  of  the  water-bearing  strata  to  transmit  ground  water.  Transmissivity  is  the 
product  of  the  hydraulic  conductivity  and  the  thickness  of  the  aquifer.  An  accurate 
estimate  of  hydraulic  conductivity  is  important  to  help  quantify  advective  ground  water 
flow  velocities  and  to  define  the  flushing  potential  of  the  aquifer  and  the  quantity  of 
electron-acceptor-charged  ground  water  that  is  entering  the  site  from  upgradient 
locations.  The  Bioplume  II  model  is  particularly  sensitive  to  variations  in  hydraulic 
conductivity,  based  on  the  work  of  Rifai  et  al.  (1988).  Lower  values  of  hydraulic 
conductivity  result  in  a  slower-moving  plume  that  degrades  at  a  slower  rate  because 
less  oxygen,  nitrate,  iron,  sulfate,  and  carbon  dioxide  is  available  for  biodegradation. 
Higher  values  of  hydraulic  conductivity  result  in  a  faster-moving  plume  that  degrades 
faster  because  plume  dispersion  is  greater  and  more  electron  acceptors  are  available  for 
biodegradation. 
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TABLE  5.1 

BIOPLUME  II  MODEL  INPUT  PARAMETERS 
HANGAR  10  INTRINSIC  REMEDIATION  TS 
ELMENDORF  AFB,  ALASKA 


Model  Runs 

Parameter 

Descnptiun 

Calibrated 
Model  Setup 

ELMA 

ELMB 

hl.MC 

ELMF 

NTIM 

Maximum  number  of  time  steps  in  a  pumping  period 

6 

66 

36 

16 

36 

NPMP 

Number  of  Pumping  Periods 

1 

1 

1 

1 

I 

NX 

Number  of  nodes  in  the  X  direction 

20 

20 

20 

20 

20 

NY 

Number  of  nodes  in  the  V  direction 

30 

30 

30 

30 

30 

NPMAX 

Maximum  number  of  Panicles 

NPMAX  =(NX-2)(NY-2KNPTPND)  +  (Ns-XNPTPND)  +  250 

5200 

5200 

5200 

5200 

5200 

NPNT 

Time  step  interval  for  printing  data 

1 

1 

1 

1 

1 

NITP 

Number  of  iteration  parameters 

7 

7 

7 

7 

7 

NUMOBS 

Number  of  observation  points 

0 

0 

0 

0 

0 

ITMAX 

Maximum  allowable  number  of  iterations  in  ADIP 

200 

200 

200 

200 

200 

NREC 

Number  of  pumping  or  injection  wells 

0 

0 

0 

4 

0 

NPTPND 

Initial  number  of  particles  per  node 

9 

9 

9 

9 

9 

NCODES 

Number  of  node  identification  codes 

2 

2 

2 

2 

2 

Particle  movement  interval  (IMOV) 

0 

0 

0 

0 

0 

NPNTVL 

Option  for  printing  computed  velocities 

2 

2 

2 

2 

2 

NWTD 

Option  to  print  computed  dispersion  equation  coefficients 

0 

0 

0 

0 

0 

NPDELC 

Option  to  print  computed  changes  in  concentration 

0 

0 

0 

0 

0 

NPNCHV 

Option  to  punch  velocity  data 

0 

0 

0 

0 

0 

NREACT 

Option  for  biodegradation,  retardation  and  decay 

1 

1 

1 

1 

1 

PINT 

Pumping  period  (  years) 

1 

11 

6 

16 

6 

TOL 

Convergence  criteria  in  ADIP 

0.001 

0.001 

0.001 

0  001 

0.001 

POROS 

Effective  porosity 

0.35 

0.35 

0.35 

0.35 

0.35 

BETA 

Characteristic  length  (long,  dispersivity;  feet) 

60 

60 

60 

60 

60 

S 

Storage  Coefficient 

0  (Steady-State) 

0 

0 

0 

0 

TIMX 

Time  increment  multiplier  for  transient  flow 

- 

- 

- 

- 

TINIT 

Size  of  initial  time  step  (seconds) 

' 

- 

• 

- 

- 

XDEL 

Width  of  finite  difference  cell  in  the  x  direction  (feet) 

200 

200 

200 

200 

200 

YDEL 

Width  of  finite  difference  cell  in  the  y  direction  (feet) 

250 

250 

250 

250 

250 

DLTRAT 

Ratio  of  transverse  to  longitudinal  dispersivity 

0.3 

0.3 

0.3 

0.3 

0  3 

CELDIS 

Maximum  cell  distance  per  particle  move 

0.5 

0.5 

0.5 

0.5 

0  5 

ANFCTR 

Ratio  of  Tyy  to  Txx  (1  ==  isotropic) 

1 

1 

1 

1 

1 

DK 

Distribution  coefficient 

0.14 

0.14 

0.14 

0.14 

0.14 

RHOB 

Bulk  density  of  the  solid  (grams/cubic  centimeter) 

16 

16 

1.6 

1.6 

1.6 

THALF 

Half-life  of  the  solute 

- 

- 

- 

DECl 

Anaerobic  decay  coefficient  (day  ') 

0.01 

0.01 

0.005 

0.001 

0 

DEC2 

Reaeration  coefficient  (day  ') 

0 

0 

0 

0 

0 

F 

Stoichiometric  Ratio  of  Hydrocarbons  to  Oxygen 

3.1 

3.1 

3.1 

3.1 

3  1 

**  Ns  =  Number  of  nodes  that  represent  fluid  sources  (wells  or  constant  head  cells) 

ADIP  =  AltematingKfirection  implicit  procedure  (subroutine  for  solving  ground  water  (low  equation) 
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Saturated  thickness  data  from  previous  reports,  geologic  logs,  and  water  level 
measurements  were  used  in  conjunction  with  the  average  hydraulic  conductivity  as 
determined  from  a  previous  pumping  test  (0.4  ft/min;  Radian,  1994a)  to  estimate  an 
initial  uniform  transmissivity  for  the  entire  model  domain.  To  better  match  heads  in  the 
model  to  observed  values,  the  transmissivities  were  progressively  varied  in  blocks  and 
rows  until  the  simulated  water  levels  for  cells  corresponding  to  the  selected  well 
locations  matched  the  observed  water  levels  as  closely  as  possible.  Figure  5.2  shows 
the  calibrated  water  table.  Calibrated  model  hydraulic  conductivities  ranged  from  0.01 
feet  per  second  (ft/sec)  to  0.4  ft/sec  (0.2  ft/min  to  2.6  ft/min). 

Water  level  elevation  data  from  13  monitoring  well  locations  were  used  to  compare 
measured  and  simulated  heads  for  calibration.  The  13  selected  locations  were  W-18, 
W-19,  OU4W-1,  OU4W-2,  OU4W-3,  OU4W-10,  ESMW-IA,  ESMW-2,  ESMW-3A, 
ESMW-4A,  ESMW-5A,  ESMW-6A,  and  ESMW-7A. 


The  root  mean  squared  (RMS)  error  is  commonly  used  to  express  the  average 
difference  between  simulated  and  measured  heads.  RMS  error  is  the  average  of  the 
squared  differences  between  measured  and  simulated  heads,  and  can  be  expressed  as; 


RMS  = 


1  n  “P-5 


Ln  <=1 


Where:  n  =  the  number  of  points  where  heads  are  being  compared 

h„  =  measured  head  value 
h,  =  simulated  head  value. 


The  RMS  error  between  observed  and  calibrated  values  at  the  13  comparison  points 
was  0.49  foot,  which  corresponds  to  a  calibration  error  of  4.19  percent  (water  levels 
dropped  11.7  feet  over  the  length  of  the  model  grid).  RMS  error  calculations  are 
summarized  in  Appendix  C. 
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In  solving  the  ground  water  flow  equation.  Bioplume  II  establishes  the  water  table 
surface  and  calculates  an  overall  hydraulic  balance  that  accounts  for  the  numerical 
difference  between  flux  into  and  out  of  the  system.  The  hydraulic  mass  balance  for  the 
calibrated  model  was  excellent,  with  99.9  percent  of  the  water  flux  into  and  out  of  the 
system  being  numerically  accounted  for  (i.e.,  a  0.1-percent  error).  According  to 
Anderson  and  Woessner  (1992),  a  mass  balance  error  of  around  1  percent  is 
acceptable,  while  Konikow  (1978)  indicates  an  error  of  less  than  0.1  percent  is  ideal. 

5.4.2  BTEX  Plume  Calibration 

Model  input  parameters  affecting  the  distribution  and  concentration  of  the  simulated 
BTEX  plume  were  modified  so  that  model  predictions  matched  dissolved  total  BTEX 
concentrations  observed  in  June  1994.  To  do  this,  model  runs  were  made  using  the 
calibrated  steady-state  hydraulic  parameters,  with  the  June  1993  plume  data  used  to 
create  the  initial  model  BTEX  distribution.  Because  the  contaminant  distribution  at  two 
different  times  (June  1993  and  June  1994)  was  known,  the  plume  calibration 
simulations  were  made  with  a  time  constraint  of  1  year.  In  other  words,  computed 
BTEX  plume  concentrations  and  configurations  were  compared  to  June  1994  data  after 
1  year  of  simulation  time  incorporating  the  transport  and  degradation  of  contaminants 
in  ground  water. 

By  varying  the  anaerobic  decay  coefficient,  the  coefficient  of  retardation,  and 
dispersivity,  the  BTEX  plume  was  calibrated  reasonably  well  to  the  existing  plume  in 
terms  of  migration  distance  and  BTEX  concentrations  in  the  plume  area.  The 
calibrated  plume  configuration  is  shown  on  Figure  5.3. 

The  calibrated  model  plume,  while  not  identical  to  the  observed  BTEX  plume  (Figure 
4.2),  compares  reasonably  well  in  terms  of  the  lateral  and  downgradient  plume  extents. 
The  computed  plume  has  concentrations  higher  than  those  observed  in  1994,  but  the  total 
area  of  the  simulated  BTEX  plume  is  very  similar  to  the  plume  observed  in 
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1994.  During  the  model  calibration  runs,  it  became  apparent  that  the  observed  extent 
of  the  plume  could  not  be  reproduced  in  conjunction  with  the  observed  BTEX 
concentrations.  As  a  result,  it  was  decided  to  calibrate  the  model  to  reflect  the  June 
1994  extent  of  the  plume,  even  though  the  resulting  model  BTEX  concentrations  were 
higher  than  those  observed  at  that  time. 

It  was  also  not  possible  to  reproduce  the  apparent  upgradient  (north-northwest) 
plume  migration  observed  in  the  vicinity  of  Hangar  10.  The  reason  for  this  apparent 
upgradient  plume  expansion  is  unclear  and  may  result  from  a  release  from  a  new, 
unknown  source  near  the  hangar  or  migration  from  an  upgradient  source.  Without  a 
valid  physical  explanation  of  this  aspect  of  plume  migration,  it  was  not  possible  to  alter 
model  parameters  and  contaminant  source  terms  to  reproduce  this  phenomenon. 

The  maximum  simulated  total  BTEX  concentration  was  1,622  pg/L  for  the  cell 
10,11  (in  the  vicinity  of  well  nest  ESMW-I).  The  computed  distribution  represents  a 
greater  total  mass  of  BTEX,  because  the  concentrations  are  higher  than  those  observed, 
and  because  the  model  assumes  that  contamination  extends  throughout  the  total  depth  of 
the  aquifer.  In  reality,  the  plume  is  only  present  in  a  portion  of  the  total  aquifer 
thickness.  Because  of  this,  and  because  the  calibrated  model  concentrations  are  higher 
than  observed,  the  predictions  made  by  this  model  should  be  conservative. 

5.4.2.1  Discussion  of  Parameters  Varied  During  Plume  Calibration 

As  noted  previously,  the  transport  parameters  varied  during  plume  calibration  were 
dispersivity,  the  coefficient  of  retardation,  and  the  anaerobic  decay  coefficient.  Those 
parameters  were  generally  varied  with  intent  of  limiting  plume  migration  to  the 
observed  extents,  because  the  original  estimates  for  the  parameters  resulted  in  a 
calculated  BTEX  plume  that  extended  almost  twice  as  far  as  the  observed  plume. 
While  these  parameters  were  varied  with  this  common  intent,  each  had  a  slightly 
different  impact  on  the  size  and  shape  of  the  simulated  plume. 
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5.4.2. 1.1  Dispersivity 

Much  cumroversy  surrounds  the  concepts  of  dispersion  and  dispersivity. 
Longitudinal  dispersivity  values  for  sediments  similar  to  those  found  at  the  site  range 
from  0.1  to  200  feet  (Walton,  1988).  Longitudinal  dispersivity  was  originally 
estimated  as  42  feet,  using  one-tenth  (0.1)  of  the  distance  between  the  upgradient 
margin  of  the  10,0(K)  pg/L  isopleth  and  the  longitudinal  centroid  of  the  June  1993 
plume  (see  Figure  4.1).  Dispersivity  estimation  calculations  are  included  in  Appendix 
C.  Transverse  dispersivity  values  generally  are  estimated  as  one-tenth  (0.1)  of  the 
longitudinal  dispersivity  values  (Domenico  and  Schwartz,  1990).  However,  because 
the  1994  data  indicated  the  plume  was  wider  than  in  1993,  the  initial  model  input 
assumed  a  ratio  of  0.3. 

During  plume  calibration,  longitudinal  dispersivity  was  raised  to  60  feet  from  the 
original  estimate  of  42  feet.  This  was  done  to  prevent  the  computed  plume  from 
extending  too  far  downgradient  (by  dispersing  BTEX  at  the  margins  of  the  plume  so 
that  it  degraded  more  rapidly)  and  also  to  help  increase  the  lateral  extent  of  the  plume 
to  better  match  the  observed  extents. 

5.4.2. 1.2  Anaerobic  Decay  Coefficient 

As  discussed  in  Section  5.3.5,  the  anaerobic  decay  coefficient  was  originally 
estimated  to  be  0.01  day  *.  This  value  was  varied  during  plume  calibration,  but  the 
calibrated  model  used  the  original  estimate.  This  prevented  the  plume  from  migrating 
too  far  in  the  calibration  run,  and  at  the  same  time  prevented  contaminant 
concentrations  in  the  center  portion  of  the  plume  from  being  excessively  high. 

5.4.2. 1.3  Coefficient  of  Retardation 

Retardation  of  the  BTEX  compounds  relative  to  the  advective  velocity  of  the  ground 
water  occurs  when  BTEX  molecules  are  sorbed  to  the  aquifer  matrix.  Based  on 
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measured  TOC  concentrations  in  the  saturated  zone  at  ESMW-IB,  and  assuming  a  bulk 
density  of  1.6  grams/cubic  centimeter  (Freeze  and  Cherry,  1979),  and  published  values 
of  the  soil  sorption  coefficient  (Ko,.)  for  the  BTEX  compounds  (as  listed  in  Wiedemeier 
et  al.,  1994),  the  coefficients  of  retardation  for  the  BTEX  compounds  were  calculated. 
The  results  of  these  calculations  are  summarized  in  Table  5.2.  Average  coefficients  of 
retardation  were  also  computed  for  data  from  Site  ST41  at  Elmendorf  AFB  (Parsons 
ES,  1994)  to  provide  an  additional  set  of  data  for  comparison.  To  be  conservative,  the 
minimum  range  of  retardation  coefficients  calculated  for  the  BTEX  compounds  (1.45  to 
3.67)  was  used  as  a  constraint  for  model  input  .  The  coefficient  of  retardation 
originally  used  as  model  input  was  1.7.  The  lower  the  assumed  coefficient  of 
retardation,  the  farther  the  BTEX  plume  will  migrate  downgradient. 

During  plume  calibration,  the  coefficient  of  retardation  was  gradually  raised  from 
the  initial  value  of  1.7  to  a  value  of  1.9.  As  with  the  dispersivity  and  porosity,  this 
variable  was  altered  in  response  to  model  predictions  of  BTEX  concentrations 
extending  beyond  the  observed  limits.  In  addition,  increasing  the  value  of  this 
parameter  was  also  necessary  to  limit  the  contaminants’  rate  of  travel. 

5.5  SENSITIVITY  ANALYSIS 

The  purpose  of  the  sensitivity  analysis  is  to  determine  the  effect  of  varying  model 
input  parameters  on  model  output,  the  work  of  Rifai  et  al.  (1988),  indicated  that  the 
Bioplume  II  model  is  most  sensitive  to  changes  in  the  coefficient  of  reaeration,  the 
coefficient  of  anaerobic  decay,  and  the  hydraulic  conductivity  of  the  media,  and  is  less 
sensitive  to  changes  in  the  retardation  factor,  porosity,  and  dispersivity.  Because  the 
coefficient  of  reaeration  was  set  to  zero,  the  sensitivity  analysis  was  conducted  by 
varying  transmissivity,  dispersivity,  the  coefficient  of  retardation,  and  the  coefficient  of 
anaerobic  decay. 
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To  perform  the  sensitivity  analyses,  an  individual  run  of  the  plume  calibration  model 
was  made  with  the  same  input  as  the  calibrated  model,  except  that  one  of  the 
aforementioned  parameters  was  varied.  The  models  were  run  for  a  1-year  period,  just 
as  the  original  was,  so  that  the  independent  effect  of  each  variable  could  be  assessed. 
As  a  result,  eight  sensitivity  runs  of  the  calibrated  model  were  made,  with  the 
following  variations: 

1)  Transmissivity  uniformly  increased  by  a  factor  of  5; 

2)  Transmissivity  uniformly  decreased  by  a  factor  of  5; 

3)  Longitudinal  dispersivity  increased  by  a  factor  of  5; 

4)  Longitudinal  dispersivity  decreased  by  a  factor  of  5; 

5)  Coefficient  of  anaerobic  decay  increased  by  a  factor  of  5; 

6)  Coefficient  of  anaerobic  decay  decreased  by  a  factor  of  5; 

7)  Coefficient  of  retardation  increased  by  a  factor  of  2;  and 

8)  Coefficient  of  retardation  decreased  by  a  factor  of  2. 

The  results  of  the  sensitivity  analyses  are  shown  graphically  in  Figures  5.4,  5.5, 
5.6,  and  5.7.  These  figures  display  the  modeled  BTEX  concentrations  versus  distance 
along  the  centerline  of  the  plume  (in  the  eleventh  model  column).  This  manner  of 
displaying  data  is  useful  because  BTEX  concentrations  are  highest  in  the  eleventh 
column,  the  plume  is  relatively  symmetrical,  and  the  plume  migrates  in  a  direction 
parallel  to  the  model  grid.  Furthermore,  the  figures  allow  easy  visualization  of  the 
changes  in  BTEX  concentration  caused  by  varying  model  input  parameters. 

The  effects  of  varying  transmissivity  are  shown  by  Figure  5.4.  Uniformly 
increasing  the  transmissivity  by  a  factor  of  five  increased  the  biodegradation  rate  of  the 
plume  such  that  the  maximum  observed  concentrations  in  the  source  cell  area  were  only 
about  150  fig/L,  compared  to  the  calibrated  maximum  of  1,622  pg/L.  !n  addition,  the 
leading  edge  of  the  BTEX  plume  was  approximately  3,000  feet  farther  downgradient 
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than  in  the  calibrated  model.  This  results  from  the  greater  flux  of  water  through  the 
model  area  bringing  a  greater  mass  of  DO  and  other  electron  acceptors  into  contact 
with  the  plume.  Because  more  electron  acceptors  are  available,  biodegradation  occurs 
more  rapidly.  Also,  the  faster  ground  water  velocity  produced  by  the  higher 
transmissivity  initially  results  in  greater  plume  travel  rates  and  distances,  further 
exposing  the  BTEX  to  oxygenated  water.  In  contrast,  decreasing  the  transmissivity  by 
a  factor  of  five  slowed  overall  plume  migration,  which  shortened  the  plume  and  in  turn 
caused  an  increase  in  maximum  BTEX  levels.  Increased  BTEX  concentrations  in  the 
plume  area  are  caused  by  a  reduction  in  the  plume  travel  rate  and  the  amount  of  oxygen 
being  brought  into  contact  with  the  contaminants  from  upgradient  locations. 

The  effects  of  varying  dispersivity  are  illustrated  by  Figure  5.5.  Both  longitudinal 
and  transverse  dispersivity  were  varied  for  this  analysis,  as  the  ratio  of  the  two  values 
was  kept  constant  at  0.3.  Increasing  the  dispersivity  by  a  factor  of  five  resulted  in 
lower  maximum  BTEX  concentrations  although  the  plume  was  spread  out  over  a 
similar  area.  Decreasing  dispersivity  by  a  factor  of  five  produced  a  plume  with  an 
extent  similar  to  the  calibrated  plume,  but  with  slightly  higher  concentrations. 

Figure  5.6  shows  the  effects  of  varying  the  anaerobic  decay  coefficient.  Increasing 
this  parameter  by  a  factor  of  five  results  in  rapid  degradation  of  dissolved  BTEX.  This 
dramatic  reduction  in  contaminant  mass  is  the  result  of  the  large  increase  in  the  decay 
rate  caused  by  increasing  the  coefficient,  because  the  anaerobic  decay  coefficient  is 
exponentiated  in  the  equation  expressing  the  decay  rate  (see  Section  5.3.5). 
Conversely,  decreasing  the  anaerobic  decay  coefficient  by  a  factor  of  five  greatly 
decreases  the  rate  of  degradation,  resulting  in  a  large  increase  of  the  computed 
maximum  BTEX  concentration  to  approximately  3,400  pg/L  and  an  increase  in  plume 
length. 
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The  effects  of  varying  the  coefficient  of  retardation  (R)  are  shown  on  Figure  5.7. 
Increasing  R  by  a  factor  of  2  has  a  slight  effect  on  the  contaminant  distribution.  The 
maximum  BTEX  concentration  is  approximately  200  pg/L  greater,  and  the  plume  is 
approximately  400  feet  shorter  than  in  the  calibrated  model.  On  the  other  hand, 
decreasing  R  by  a  factor  of  two  produces  a  plume  that  extends  about  200  feet  further 
downgradient  than  the  original  model  plume  and  has  a  slightly  lower  maximum 
concentration.  These  results  suggest  that  the  R  used  for  the  calibrated  simulation  is 
acceptable,  because  the  model  is  relatively  insensitive  to  higher  values  of  R,  while  a 
value  of  R  that  is  too  low  will  result  in  a  simulated  plume  that  travels  beyond  the  limits 
of  the  observed  plume. 

The  results  of  the  sensitivity  analysis  suggest  that  the  calibrated  model  used  for  this 
report  is  reasonable.  The  calibrated  model  is  most  sensitive  to  transmissivity  and  the 
anaerobic  decay  coefficient,  although  the  coefficient  of  retardation  is  also  an  important 
parameter.  Increasing  the  anaerobic  decay  coefficient  or  the  transmissivity  greatly 
diminishes  the  predicted  BTEX  concentrations.  Lowering  the  values  of  the  anaerobic 
decay  coefficient  and  the  coefficient  of  retardation  lengthens  the  plume  beyond 
reasonable  distances  based  on  recent  observations  at  the  site.  While  the  model  appears 
relatively  insensitive  to  dispersivity,  adjustment  of  that  parameter  contributed  toward 
producing  an  appropriate  plume  configuration. 

5.6  MODEL  RESULTS 

To  predict  fate  and  transport  of  dissolved  BTEX  compounds  at  the  Hangar  10  site, 
four  Bioplume  II  simulations  (ELMA,  ELMB,  ELMC,  and  ELMF)  were  run  under 
steady-state  conditions.  The  first  simulation  assumed  that  conditions  which  produced 
the  calibrated  model  continue,  and  that  no  additional  contamination  is  introduced.  The 
second  simulation  reduced  the  anaerobic  decay  coefficient  by  one-half  to  demonstrate 
the  effectiveness  of  intrinsic  remediation  with  reduced  anaerobic  degradation.  The 
third  simulation  assumed  that  a  continuous  source  of  dissolved  BTEX  would  be  present 
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in  the  vicinity  of  the  highest  contaminant  concentrations  observed  in  June  1993.  The 
fourth  and  final  simulation  assumed  that  original  conditions  continue,  except  that  no 
anaerobic  decay  would  occur.  Complete  input  and  output  files  are  presented  in 
Appendix  D.  Model  results  are  described  in  the  following  sections. 

Model  time  for  the  predictive  simulations  described  in  the  following  sections  is 
described  using  the  term  “prediction  time”,  which  refers  to  model  time  after  the  initial 
1  -  year  calibration  period  (i.e.,  simulation  time  after  1994).  In  other  words, 
prediction  time  for  the  simulations  starts  in  1994.  In  the  figures  showing  model  output, 
the  prediction  time  is  referred  to  using  the  nomenclature  “T  =  X  years”,  where  X 
represents  the  number  of  years  elapsed  since  1994.  For  example,  the  phrases  “T  =  1 
year”  or  “after  1  year  of  prediction  time”  refer  to  the  model  results  projected  1  year 
beyond  the  calibrated  model,  or  to  mid-1995.  The  term  “T  =  0”  is  used  for  model 
results  that  are  to  be  compared  to  the  1994  plume. 

5.6.1  Continuation  of  Calibrated  Conditions  (Model  ELMA) 

Model  ELMA  was  used  to  simulate  the  migration  and  biodegradation  of  the  BTEX 
plume  assuming  that  the  conditions  that  produced  the  calibrated  model  continue, 
including  the  absence  of  a  continuing  source  of  dissolved  BTEX  compounds.  The 
calibrated  simulation  was  run  to  predict  conditions  up  to  5  years  beyond  the  original 
calibrated  model  ending  time,  for  a  total  simulation  time  of  6  years.  Figure  5.8  shows 
the  extent  of  the  main  body  of  the  BTEX  plume  after  1  year  of  prediction  time. 
Modeled  BTEX  concentrations  decrease  significantly,  to  a  maximum  of  143  pg/L, 
while  the  plume  front  extends  approximately  750  feet  beyond  the  extent  observed  in 
June  1994.  After  a  total  of  1.5  years  of  prediction  time,  the  plume  completely 
degrades  and/or  sorbs  onto  the  aquifer  matrix. 
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5.6.2  Reduced  Anaerobic  Decay  (Model  ELMB) 

To  illustrate  the  time  frame  for  reduction  in  BTEX  concentrations  with  less 
anaerobic  decay  than  the  original  simulation,  model  ELMB  was  run  with  the  anaerobic 
decay  coefficient  reduced  by  one-half.  Figure  5.9  shows  the  configuration  of  the 
simulated  BTEX  plume  indicated  for  1994  (i.e.,  at  T  =  0).  The  plume  in  Figure  5.9  is 
longer  than  the  calibrated  plume,  and  BTEX  concentrations  are  much  higher.  After  1 
year  of  prediction  time,  the  plume  front  migrates  approximately  1 ,250  feet  beyond  the 
June  1994  plume  front  to  the  vicinity  of  wells  OU4W-12  and  W-9,  as  shown  on  Figure 
5.10.  The  plume  detaches  from  the  probable  source  area  and  continues  to  migrate 
downgradient,  but  shrinks  in  overall  length  as  indicated  on  Figure  5.11,  which  shows 
the  plume  configuration  after  2  years  of  prediction  time.  The  maximum  simulated 
concentration  at  this  time  is  313  pg/L,  and  the  plume  front  is  1,750  feet  downgradient 
from  the  June  1994  front.  After  3  years  of  prediction  time  (Figure  5.12),  the  plume 
front  is  at  the  same  location  as  after  2  years,  but  the  plume  is  much  smaller,  and 
maximum  concentration  decreases  to  approximately  34  pg/L.  After  a  total  of  3  years 
and  2  months  of  prediction  time,  the  BTEX  plume  completely  degrades  and/or  sorbs 
onto  the  aquifer  matrix. 

5.6.3  Continuous  BTEX  Source  (Model  ELMC) 

Model  ELMC  assumed  that  a  continuing  source  of  contamination  (such  as  residual 
or  mobile  LNAPL)  is  present  and  introducing  dissolved  BTEX  into  the  ground  water. 
It  was  assumed  that  this  source  area  is  present  in  the  vicinity  of  Pump  House  2  and  the 
nearby  valve  pit.  Contaminants  were  introduced  to  the  aquifer  using  simulated 
injection  wells  located  in  cells  9,8;  9,9;  10,8;  and  10,9,  as  indicated  on  Figure  5.13. 
This  scenario  was  run  to  assess  the  effects  of  a  continuing  source  of  contamination, 
although  firm  evidence  of  such  a  source  does  not  exist.  As  with  model  ELMA,  model 
ELMC  assumed  that  all  other  calibrated  model  conditions  continued  throughout  the 
entire  simulation. 
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While  the  term  “injection  well”  suggests  contaminants  are  being  introduced  at  a 
point,  Bioplume  II  assumes  that  contamination  introduced  at  a  well  instantly 
equilibrates  throughout  the  entire  cell  in  which  the  well  is  located.  The  injection  rate 
for  the  cells  was  set  at  1  x  10'^  ft^/sec,  a  value  low  enough  so  that  the  flow  calibration 
and  water  balance  a  as  not  affected.  Relatively  high  BTEX  concentrations  were 
injected  through  the  wells  because  of  the  low  pumping  rate.  The  total  BTEX  injection 
concentration  was  set  at  100  mg/L.  After  the  mass  is  dispersed  throughout  the  entire 
cell  volume,  this  results  in  the  total  BTEX  concentration  in  the  source  area  being 
maintained  at  approximately  450  pg/L.  Therefore,  this  simulations  illustrate.^  the 
effects  of  a  source  that  would  continuously  introduce  enough  BTEX  to  produce  a  total 
BTEX  concentration  of  450  pg/L. 

Although  the  loading  rate  indicated  above  results  in  a  total  of  0.245  kg  of  BTEX  per 
day  being  introduced  at  each  well  (a  total  of  about  90  kg  of  BTEX  per  year),  this  does 
not  imply  that  an  equivalent  loading  would  be  necessary  to  actually  produce  such 
concentrations  within  the  aquifer.  This  is  because  the  model  assumes  the  mass  of 
BTEX  that  enters  each  cell  from  the  wells  is  instantly  dispersed  throughout  a  volume  of 
water  equivalent  to  tiie  area  of  the  cell  times  its  saturated  thickness.  Because  the 
aquifer  is  assumed  to  be  60  feet  thick  in  the  vicinity  of  the  injection  wells,  the  injected 
BTEX  equilibrates  with  a  very  large  volume  of  water.  In  most  situations,  BTEX  is 
actually  introduced  near  the  water  table  and  generally  is  most  concentrated  in  the 
vicinity  of  the  water  table,  where  water  table  monitoring  wells  then  intercept  the 
contamination.  As  a  result,  it  would  require  only  a  fraction  of  the  simulated  mass 
loading  rate  to  produce  BTEX  concentrations  of  450  pg/L  within  the  aquifer. 

This  simulation  indicates  that  BTEX  contamination  will  degrade  rapidly  despite  the 
continued  source  loading.  At  T  =  0  years,  the  plume  configuration  in  Figure  5.14  is 
very  similar  to  the  original  calibrated  plume.  After  1  year  of  prediction  time  the  plume 
reaches  its  maximum  extent,  approximately  750  feet  beyond  the  June  1994  plume 
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(Figure  5.15).  After  1  year  of  prediction  time,  the  plume  begins  to  shrink  back  toward 
the  source  area,  so  that  after  3  years  of  prediction  time  the  plume  is  only  about  750  feet 
long  with  a  maximum  simulated  concentration  of  approximately  560  pg/L.  After  5 
years  of  prediction  time,  BTEX  is  present  only  in  the  vicinity  of  the  source  cells,  as 
shown  by  Figure  5.16.  The  plume  remains  in  this  configuration  for  the  remainder  of 
the  simulation  (15  years  of  prediction  time),  suggesting  that  the  plume  stabilizes  so  that 
BTEX  is  present  only  within  the  source  area.  Maximum  source  area  BTEX 
concentrations  fluctuated  around  an  average  of  450  pg/L  throughout  the  remainder  of 
the  simulation. 


I  ♦ 


5.6.4  No  Anaerobic  Degradation  (Model  ELMF) 

Model  ELMF  was  run  to  illustrate  the  effects  of  ignoring  anaerobic  degradation  of 
BTEX  compounds.  The  anaerobic  decay  coefficient  was  set  to  0  for  this  simulation,  so 
that  only  aerobic  biodegradation  was  simulated.  The  plume  computed  by  this  model 
after  1  year  (at  T  =  0  years)  was  compared  to  the  calibrated  and  observed  BTEX 
plumes.  As  indicated  on  Figure  5.17,  elimination  of  anaerobic  decay  results  in  a  plume 
configuration  that  does  not  reflect  June  1994  conditions.  The  plume  simulated  by 
ELMF  extends  much  farther  than  the  calibrated  plume,  and  concentrations  are 
approximately  five  times  greater  than  those  in  the  calibrated  model.  Under  these 
conditions,  the  leading  edge  of  the  plume  migrates  to  the  downgradient  model  boundary 
(a  total  distance  of  over  3,000  feet)  within  5  years.  Given  that  the  plume  was  observed 
to  migrate  less  than  300  feet  between  1993  and  1994,  this  model  is  unrealistic. 
However,  this  model  is  important  in  that  it  further  demonstrates  that  anaerobic 
biodegradation  of  BTEX  compounds  is  occurring  in  the  vicinity  of  Hangar  10  and  is  an 
important  factor  in  controlling  the  migration  of  contaminants  because  aerobic 
biodegradation  alone  is  insufficient  to  reproduce  observed  site  conditions. 
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5.7  CONCLUSIONS  AND  DISCUSSION 

The  results  of  four  different  Bioplume  II  model  scenarios  for  the  Hangar  10  site 
suggest  that  the  dissolved  BTEX  plume  front  is  not  likely  to  migrate  more  than 
1,750  feet  downgradient  of  its  June  1994  position.  The  first  scenario,  model  ELMA, 
assumed  that  conditions  which  produced  the  calibrated  model  would  remain  constant 
for  the  full  duration  of  the  simulation.  The  second  scenario,  model  ELMB,  assumed 
that  the  anaerobic  decay  constant  was  reduced  by  one-half,  thus  simulating  reduced 
anaerobic  biodegradation  of  BTEX  compounds.  The  third  scenario,  ELMC,  was 
identical  to  ELMA  except  that  a  continuous  source  of  BTEX  was  simulated  in  the 
vicinity  of  Pump  House  2.  Finally,  the  fourth  scenario  (ELMF)  illustrated  the  effects 
of  not  including  an  anaerobic  biodegradation  term. 

These  simulations  were  run  to  provide  constraints  on  BTEX  migration  and 
degradation  for  a  range  of  conditions,  allowing  a  more  thorough  evaluation  of  the 
effects  of  advective-dispersive  transport  and  biodegradation  on  dissolved  BTEX  plume 
migration.  This  was  done  largely  because  the  source(s)  of  petroleum  hydrocarbon 
contamination  in  the  Hangar  10  area  have  not  been  well-defined,  and  also  because 
Bioplume  II  is  only  capable  of  simulating  anaerobic  biodegradation  using  first-order 
kinetics. 

ELMA  results  suggest  that  after  1.5  years  of  prediction  time,  the  BTEX  plume  will 
be  completely  degraded  and/or  sorbed  onto  the  aquifer  matrix.  ELMB  results  suggest 
that  even  with  reduced  anaerobic  decay,  BTEX  compounds  will  migrate  no  more  than 
1,750  feet  downgradient  from  the  June  1994  plume  front  and  will  be  degraded  in  just 
over  3  years.  ELMC  predicts  that  even  with  continued  loading  of  BTEX  compounds, 
the  plume  will  reach  no  more  than  500  feet  beyond  its  observed  downgradient  limit, 
and  that  within  5  years  contamination  will  be  present  only  within  the  source  area.  The 
results  of  model  ELMF  illustrate  the  effects  of  ignoring  anaerobic  biodegradation  of 
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BTEX  compounds.  In  that  simulation,  reducing  the  anaerobic  decay  coefficient  to  zero 
resulted  in  unrealistic  plume  migration  and  spreading. 

The  rapid  removal  of  BTEX  compounds  predicted  by  the  simulations  is  largely  a 
function  of  anaerobic  biodegradation.  However,  the  high  hydraulic  conductivity  of  the 
outwash  sand  and  gravel  plays  an  important  role  by  diluting  the  contaminant  plume  and 
increasing  degradation  rates  by  flushing  water  containing  DO  and  other  electron 
acceptors  through  the  BTEX  plume,  which  is  retarded  with  respect  to  the  advective 
ground  water  velocity.  As  a  result,  aerobic  and  anaerobic  biodegradation  is  increased 
due  to  the  continuous  influx  of  electron  acceptors,  and  dilution  further  reduces 
contaminant  concentrations. 

The  results  of  models  ELMA,  ELMB,  and  ELMC  suggest  that  rapid  removal  of 
BTEX  compounds  is  occurring.  In  the  worst-case  scenario,  the  plume  front  is  not 
likely  to  reach  more  than  1,750  feet  downgradient  of  the  position  observed  in  June 
1994,  before  diminishing  in  size  and  degrading  in  slightly  more  than  3  years.  Even  if 
significant  concentrations  of  BTEX  are  added  from  a  continuous  source,  the  plume 
should  migrate  no  further.  Actual  plume  migration  will  likely  be  less,  as  this  estimate 
is  based  entirely  on  model  ELMB,  which  simulated  transport  with  reduced  anaerobic 
degradation.  Taking  into  account  the  model  cell  size  and  the  resolution  of 
concentrations  at  the  margin  of  the  plume,  it  appears  unlikely  that  detectable 
concentrations  of  BTEX  will  migrate  more  than  500  feet  beyond  wells  OU4W-12  and 
W-9  (near  the  fire  station). 

While  ELMA  results  are  based  on  calibrated  model  conditions,  ELMB  results  may 
be  more  realistic,  particularly  with  respect  to  the  time  required  for  complete  plume 
degradation.  This  is  partly  because  there  may  be  a  continuing  source  of  BTEX 
contamination,  and  partly  because  the  BTEX  that  sorbs  onto  the  aquifer  matrix  will 
eventually  desorb  and  re-enter  solution  as  aqueous  concentrations  decrease.  Desorption 
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of  BTEX  will  result  in  a  plume  that  lasts  slightly  longer  than  indicated  by  models 
ELMA  and  ELMC  and  therefore  has  the  potential  to  travel  farther.  However,  a  review 
of  mass-balance  computations  for  model  ELMA,  ELMB,  and  ELMC  indicates  that  the 
mass  of  BTEX  sorbed  onto  the  aquifer  solids  is  at  most  1.1  percent  of  the  total 
dissolved  mass  that  is  removed  by  aerobic  and  anaerobic  biodegradation.  As  a  result, 
the  concentrations  of  BTEX  that  will  desorb  after  the  aqueous  plume  diminishes  will  be 
very  minor  compared  to  observed  concentrations.  In  addition,  as  the  compounds  enter 
the  aqueous  phase,  they  will  be  diluted  and  will  be  available  for  biodegradation. 

Model  results  also  suggest  that  it  would  take  a  considerable  source  of  hydrocarbon 
contamination  to  cause  the  plume  to  grow  or  to  migrate  a  significant  distance.  This  is 
important  to  consider,  because  the  source  of  the  dissolved  BTEX  contamination  in  the 
Hangar  10  area  is  poorly  defined  and  may  or  may  not  be  continuing  to  release  BTEX 
into  the  outwash  aquifer. 

In  all  cases,  model  simulations  are  conservative  for  several  reasons,  including; 

1)  Aerobic  respiration,  denitrification,  iron  reduction,  sulfate  reduction,  and 
methanogenesis  are  all  occurring  at  this  site;  however,  model  simulations 
considered  DO  as  the  only  electron  acceptor  that  is  consumed  at  a  rate  that 
is  instantaneous  relative  to  the  ground  water  velocity,  and  the  anaerobic 
decay  coefficient  used  in  the  calibrated  model  is  based  on  site-specific 
calculations  which  compare  favorably  to  literature  values. 

2)  The  stoichiometry  used  to  determine  the  ratio  between  DO  and  total  BTEX 
assumed  that  no  microbial  cell  mass  was  produced  during  the  reaction.  As 
discussed  in  Section  4.3.2. 1,  this  approach  may  be  too  conservative  by  a 
factor  of  three. 

3)  A  midrange  coefficient  of  retardation  for  benzene  (1.9)  was  used  for  model 
simulations.  Minimum  coefficient  of  retardation  values  for  the  other  BTEX 
compounds  range  from  1.45  to  3.67.  The  use  of  the  low  coefficient  of 
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retardation  tends  to  increase  the  distance  traveled  by  the  simulated  BTEX 
plume,  but  may  provide  a  more  accurate  estimate  of  benzene  transport. 

The  rapid  degradation  of  BTEX  observed  in  simulations  ELMA,  ELMB,  and  ELMC 
is  feasible,  given  the  observed  BTEX  concentrations,  the  conservative  assumptions 
made  in  constructing  the  simulation,  and  the  strong  geochemical  evidence  of  anaerobic 
biodegradation.  Further  confirmation  of  the  rapid  pace  of  biodegradation  is  provided 
by  comparing  the  plumes  observed  in  June  1993  and  June  1994  (Figures  4.1  and  4.2, 
respectively).  The  data  collected  for  this  study  indicate  that  the  plume  front  advanced 
less  than  300  feet  in  a  year  and  that  total  BTEX  concentrations  were  reduced  between 
1993  and  1994,  largely  because  of  anaerobic  biodegradation.  As  indicated  by  model 
ELMF,  aerobic  biodegradation  alone  is  insufficient  to  account  for  the  conditions 
observed  at  the  site. 
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SECTION  6 

COMPARATIVE  ANALYSIS  OF  REMEDIAL  ALTERNATIVES 

This  section  presents  the  development  and  comparative  analysis  of  two  ground  water 
remedial  alternatives  for  the  Hangar  10  site  at  Elmendorf  AFB.  The  intent  of  this  evaluation 
is  to  determine  if  intrinsic  remediation  is  an  appropriate  and  cost-effective  remedial  technology 
to  consider  when  developing  final  remedial  strategies  for  the  Hangar  10  site,  especially  when 
combined  with  other  innovative  and  conventional  remedial  technologies 

Section  6.1  presents  the  evaluation  criteria  used  to  evaluate  ground  water  remedial 
alternatives.  Section  6.2  discusses  the  development  of  remedial  alternatives  considered  as  part 
of  this  demonstration  project.  Section  6.3  provides  a  brief  description  of  each  of  these 
remedial  alternatives.  Section  6.4  provides  a  more  detailed  analysis  of  the  remedial 
alternatives  using  the  defined  remedial  alternative  evaluation  criteria.  The  results  of  this 
evaluation  process  are  summarized  in  Section  6.S. 

6.1  REMEDIAL  ALTERNATIVE  EVALUATION  CRITERIA 

The  evaluation  criteria  used  to  identify  the  appropriate  remedial  alternative  for  shallow 
ground  water  contamination  at  Hangar  10  were  adapted  from  those  recommended  by  the 
USEPA  (1988)  for  selecting  remedies  for  Superfund  sites  (OSWER  Directive  9355.3-01). 
These  criteria  included  (1)  long-term  effectiveness  and  permanence,  (2)  technical  and 
administrative  implementability,  and  (3)  relative  cost.  The  following  sections  briefly  describe 
the  scope  and  purpose  of  each  evaluation  criterion.  This  report  does  not  include  a  complete 
discussion  of  applicable  or  relevant  and  appropriate  requirements  (ARARs)  for  the  site. 
Rather,  this  report  focuses  on  the  potential  use  of  intrinsic  remediation  and  source  reduction 
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technologies  to  reduce  BTEX  concentrations  within  the  shallow  ground  water  to  levels  which 
pose  no  risk  to  human  health  or  the  environment. 

6.1.1  Long-Term  Effectiveness  and  Permanence 

Each  remedial  technology  or  remedial  alternative  (which  can  be  a  combination  of  remedial 
technologies  such  as  intrinsic  remediation  and  institutional  controls)  was  analyzed  to  determine 
how  effectively  it  will  minimize  ground  water  plume  expansion  so  that  ground  water  quality 
standards  can  be  achieved  at  a  downgradient  POC.  The  expected  technical  effectiveness  based 
on  case  histories  from  other  sites  with  similar  conditions  is  also  evaluated.  The  ability  to 
minimize  potential  impacts  to  surrounding  facilities  and  operations  is  considered.  Also,  the 
ability  of  each  remedial  alternative  to  protect  both  current  and  potential  fumre  receptors  from 
potential  risks  associated  with  site-related  contamination  in  shallow  ground  water  is 
qualitatively  assessed  by  conservatively  estimating  if  a  potential  exposure  pathway  involving 
ground  water  could  be  completed,  either  now  or  in  the  future.  This  evaluation  criterion  also 
included  permanence  and  the  ability  to  reduce  contaminant  mass,  toxicity,  and  volume.  Time 
to  implementation  and  time  until  protection  is  achieved  are  described.  Long-term  reliability 
for  providing  continued  protection,  including  an  assessment  of  potential  for  failure  of  the 
technology  and  the  potential  threats  resulting  from  such  a  failure,  is  also  evaluated. 

6.1.2  Implementability 

The  technical  implementation  of  each  remedial  technology  or  remedial  alternative  was 
evaluated  in  terms  of  technical  feasibility  and  availability.  Potential  shortcomings  and 
difficulties  in  construction,  operations,  and  monitoring  are  presented  and  weighed  against 
perceived  benefits.  Requirements  for  any  post-implementation  site  controls  such  as  LTM  and 
land  use  restrictions  are  described.  Details  on  administrative  feasibility  in  terms  of  e 
likelihood  of  public  acceptance  and  the  ability  to  obtain  necessary  approvals  are  discussed. 
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6.1.3  Cost 

The  total  cost  (present  worth)  of  each  remedial  alternative  was  estimated  for  relative 
comparison.  An  estimate  of  capital  costs,  and  operations  and  post- implementation  costs  for 
site  monitoring  and  controls  is  included.  An  annual  inflation  factor  of  5  percent  was  assumed 
in  present  worth  calculations. 

6.2  FACTORS  INFLUENCING  ALTERNATIVES  DEVELOPMENT 

Several  factors  were  considered  during  the  identification  and  screening  of  remedial 
technologies  for  addressing  shallow  ground  water  contamination  at  Hangar  10.  Factors 
considered  included  the  objectives  of  the  intrinsic  remediation  demonstration  program; 
contaminant,  ground  water,  and  soil  properties;  present  and  future  land  use;  and  potential 
exposure  pathways.  The  following  section  briefly  describes  each  of  these  factors  and  how 
they  were  used  to  narrow  the  list  of  potentially  applicable  remedial  technologies  to  the  final 
remedial  alternatives  considered  for  the  Hangar  10  site. 

6.2.1  Program  Objectives 

The  intent  of  the  intrinsic  remediation  demonstration  program  sponsored  by  AFCEE  is  to 
develop  a  systematic  process  for  scientifically  investigating  and  documenting  naturally 
occurring  subsurface  attenuation  processes  that  can  be  factored  into  overall  site  remediation 
plans.  The  objective  of  this  program  and  the  specific  Hangar  10  study  is  to  provide  solid 
evidence  of  natural  attenuation  of  dissolved  fuel  hydrocarbons  so  that  this  information  can  be 
used  to  develop  an  effective  ground  water  remediation  strategy.  A  secondary  goal  of  this 
multi-site  initiative  is  to  provide  a  series  of  regional  case  studies  that  demonstrate  that  natural 
processes  of  contaminant  degradation  can  often  reduce  contaminant  concentrations  in  ground 
water  to  below  acceptable  cleanup  standards  before  completion  of  potential  exposure 
pathways. 

Because  the  objective  of  this  program  is  to  study  natural  processes  in  the  saturated  zone 
rather  than  all  contaminated  media  (soil,  soil  gas,  etc.),  technologies  have  been  evaluated 
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based  primarily  on  their  potential  impact  on  shallow  ground  water  and  phreatic  soils. 
Technologies  that  can  reduce  vadose  zone  contamination  and  partitioning  of  contaminants  into 
ground  water  have  also  been  evaluated.  Many  of  the  source  removal  technologies  evaluated  in 
this  section  will  also  reduce  soil  and  soil  gas  contamination,  but  it  is  important  to  emphasize 
that  the  remedial  alternatives  developed  in  this  document  are  not  intended  to  remediate  all 
contaminated  media.  Additional  program  objectives  set  forth  by  AFCEE  include  cost 
effectiveness  and  minimization  of  waste.  Technologies  that  may  meet  these  criteria  include 
institutional  controls,  soil  vapor  extraction,  bioventing,  biosparging,  ground  water  pump  and 
treat,  and  intrinsic  remediation.  Soil  excavation,  slurry  walls,  sheet  piling,  carbon  adsorption, 
ex  situ  biological  or  chemical  treatment,  and  onsite/offsite  disposal  are  not  attractive 
technology  candidates  for  this  site. 

6.2.2  Contaminant  Properties 

The  site-related  contaminants  considered  as  part  of  this  demonstration  at  the  Hangar  10  site 
are  the  BTEX  compounds.  The  source  of  this  contamination  is  weathered  petroleum  (i.e.,  JP- 
4  fuel)  present  as  residual  contamination  in  capillary  fringe  and  saturated  soil  in  the  vicinity  of 
Hangar  10.  The  physiochemical  characteristics  of  JP-4  and  the  individual  BTEX  compounds 
will  greatly  influence  the  effectiveness  and  selection  of  a  remedial  technology. 

Petroleum  hydrocarbon  mixtures,  such  as  JP-4,  are  comprised  of  over  300  compounds  with 
different  physiochemical  characteristics.  JP-4  is  classified  as  an  LNAPL  with  a  liquid  density 
of  0.75  gram  per  cubic  centimeter  (g/cc)  at  20  (Smith  et  al.,  1981).  Many  compounds  in 
JP-4  sorb  very  well  to  soil  and  are  concentrated  in  the  capillary  fringe  because  the  mixture  is 
less  dense  than  water.  JP-4  is  slightly  soluble  in  water,  with  a  maximum  solubility  of 
approximately  300  mg/L.  JP-4  is  also  a  primary  substrate  for  biological  metabolism. 
Simultaneous  biodegradation  of  aliphatic,  aromatic,  and  alicyclic  hydrocarbons  has  been 
observed.  In  fact,  mineralization  rates  of  hydrocarbons  in  mixtures,  such  as  JP-4,  may  be 
faster  than  mineralization  of  the  individual  constituents  as  a  result  of  cometabolic  pathways 
(Jamison  et  al.,  1975;  Perry,  1984). 
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The  BTEX  compounds  are  generally  volatile,  highly  soluble  in  water,  and  adsorb  less 
strongly  to  soil  than  other  hydrocarbons  in  a  petroleum  mixture.  These  characteristics  allow 
the  BTEX  compounds  to  leach  more  rapidly  from  contaminated  soil  into  ground  water,  and  to 
migrate  as  dissolved  contamination  (Lyman  et  at.,  1992).  All  of  the  BTEX  compounds  are 
highly  amenable  to  in  situ  degradation  by  both  biotic  and  abiotic  mechanisms. 

Benzene  is  very  volatile,  with  a  vapor  pressure  of  76  millimeters  of  mercury  (mm  Hg)  at 
20OC  and  a  Henry's  Law  Constant  of  approximately  0.0054  atmosphere-cubic  meters  per  mole 
(atm-m^/mol)  at  250C  (Hine  and  Mookerjee,  1975;  Jury  et  al.,  1984).  The  solubility  of  pure 
benzene  in  water  at  200C  has  been  reported  to  be  1,780  mg/L  (Verschueren,  1983).  Benzene 
is  normally  biodegraded  to  carbon  dioxide,  with  catechol  as  a  short-lived  intermediate 
(Hopper,  1978;  Ribbons  and  Eaton,  1992). 

Toluene  is  also  volatile,  with  a  vapor  pressure  of  22  mm  Hg  at  20OC  and  a  Henry's  Law 
Constant  of  about  0.0067  atm-m^/mol  at  25^C  (Pankow  and  Rosen,  1988;  Hine  and 
Mookerjee,  1975).  Toluene  sorbs  more  readily  to  soil  media  relative  to  benzene,  but  still  is 
very  mobile.  The  solubility  of  pure  toluene  in  water  at  20OC  is  approximately  515  mg/L  at 
20OC  (Verschueren,  1983).  Toluene  has  been  shown  to  degrade  to  pyruvate,  caetaldehyde, 
and  completely  to  carbon  dioxide  via  the  intermediate  catechol  (Hopper,  1978;  Wilson  et  al., 
1986;  Ribbons  and  Eaton,  1992). 

Ethylbenzene  has  a  vapor  pressure  of  7  mm  Hg  20OC  and  a  Henry's  Law  Constant  of 
0.0066  atm-m^/mol  (Pankow  and  Rosen,  1988;  Valsaraj,  1988).  Ethylbenzene  sorbs  more 
strongly  to  soils  than  benzene  but  less  strongly  than  toluene  (Abdul  et  al.,  1987).  Pure 
ethylbenzene  is  also  less  soluble  than  benzene  and  toluene  in  water  at  152  mg/L  at  20°C 
(Verschueren,  1983;  Miller  et  al.,  1985).  Ethylbenzene  ultimately  degrades  to  carbon  dioxide 
via  its  intermediate  3-ethylcatechol  (Hopper,  1978;  Ribbons  and  Eaton,  1992). 

The  three  isomers  of  xylene  have  vapor  pressures  ranging  from  7  to  9  mm  Hg  at  2QPC  and 
Henry's  Law  Constants  of  between  0.005  and  0.(X)7  atm-m^/mol  at  250C  (Mackay  and 
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Wolkoff,  1973;  Hine  and  Mookerjee,  1975;  Pankow  and  Rosen,  1988).  Of  all  of  the  BTEX 
compounds,  xylenes  sorb  most  strongly  to  soil,  but  still  can  leach  from  soil  into  the  ground 
water  (Abdul  et  al.,  1987).  Pure  xylenes  have  water  solubilities  of  152  to  160  mg/L  at  20^0 
(Bohon  and  Claussen,  1951;  Mackay  and  Shiu,  1981;  Isnard  and  Lambert,  1988).  Xylenes 
can  degrade  to  carbon  dioxide  via  pyruvate  carbonyl  intenricdi,;»es  (Hopper,  1978;  Ribbons 
and  Eaton,  1992). 

Based  on  these  physiochemical  characteristics,  intrinsic  remediation,  soil  vapor  extraction, 
bioventing,  biosparging,  ground  water  extraction,  and  air  stripping  technologies  could  all  be 
effective  at  collecting,  destroying,  and/or  treating  BTEX  contaminants  at  the  Hangar  10  site. 


6.2.3  Site-Specific  Conditions 

Two  general  categories  of  site-specific  characteristics  were  considered  when  identifying 
remedial  technologies  for  comparative  evaluation  as  part  of  this  demonstration  project.  The 
first  category  was  physical  characteristics  such  as  ground  water  depth,  gradient,  flow 
direction,  and  soil  type,  which  influence  the  types  of  remedial  technologies  most  appropriate 
for  the  site.  The  second  category  involved  assumptions  about  future  land  use  and  potential 
exposure  pathways.  Each  of  these  site-specific  characteristics  have  influenced  the  selection  of 
remedial  alternatives  included  in  the  comparative  evaluation. 

6.2.3. 1  Ground  Water  and  Soil  Characteristics 

Site  geology  and  hydrogeology  will  have  a  profound  effect  on  the  transport  of  contaminants 
and  the  effectiveness  and  scope  of  required  remedial  technologies  at  a  given  site.  Hydraulic 
conductivity  is  perhaps  the  most  important  aquifer  parameter  governing  ground  water  flow  and 
contaminant  transport  in  the  subsurface.  The  velocity  of  the  ground  water  and  dissolved 
contamination  is  directly  related  to  the  hydraulic  conductivity  of  the  saturated  zone.  Previous 
pumping  tests  conducted  downgradient  of  the  Hangar  10  site  indicate  a  high  conductivity 
within  the  outwash  sand  and  gravel  present  in  the  vicinity  of  the  source  area  and  dissolved 
plume.  Estimated  values  ranged  from  0.2  to  0.6  ft/min.  These  high  values  are  characteristic 
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oi'  sandy  and  gravelly  materials  (see  Sections  4  and  5  of  this  report).  The  high  hydraulic- 
conductivity  at  this  site  directly  influences  the  fate  and  transport  of  contaminants.  The  shallow 
ground  water  plume  has  migrated  relatively  rapidly,  increasing  the  extent  of  contamination 
(i.e.,  the  plume  has  expanded)  but  decreasing  the  average  concentration  within  the  aquifer 
through  dilution  and  increased  biodegradation. 

Although  high  hydraulic  conductivity  can  result  in  plume  expansion  and  migration,  this 
same  characteristic  will  also  enhance  the  effectiveness  of  other  remedial  technologies,  such  as 
ground  water  extraction,  biosparging,  and  intrinsic  remediation.  For  example,  it  should  be 
less  expensive  and  time-consuming  to  capture  and  treat  the  contaminant  plume  using  a  network 
of  extraction  wells  in  areas  of  high  hydraulic  conductivity.  Contaminant  recovery  may  also  be 
maximized  when  contaminants  are  not  significantly  sorbed  to  and  retarded  by  phreatic  soil. 
The  effectiveness  of  biosparging  may  also  be  increased  in  highly  conductive  aquifers  because 
of  reduced  entry  pressures  and  increased  radius  of  influence.  Greater  hydraulic  conductivity 
also  increases  the  amount  of  contaminant  mass  traveling  through  the  biosparging  network.  The 
DO  introduced  through  biosparging  can  also  enhance  aerobic  degradation  of  the  dissolved 
contaminant  mass. 

The  rapid  movement  of  contaminants  within  the  subsurface  away  from  the  source  will  also 
increase  the  effectiveness  of  natural  biodegradation  processes  by  distributing  the  contaminant 
mass  into  areas  enriched  with  electron  acceptors.  To  satisfy  the  requirements  of  indigenous 
microbial  activity  and  intrinsic  remediation,  the  aquifer  must  also  provide  an  adequate  and 
available  carbon  or  energy  source,  electron  acceptors,  essential  nutrients,  proper  ranges  of  pH, 
temperature,  and  redox  potential. 

Data  collected  as  part  of  the  field  work  phase  of  this  demonstration  project  and  described  in 
Sections  3  and  4  of  this  document  indicate  that  the  Hangar  10  site  is  characterized  by  adequate 
and  available  carbon/energy  sources  and  electron  acceptors  to  support  measurable 
biodegradation  of  fuel  hydrocarbon  contamination  by  indigenous  microorganisms.  DO, 
nitrate,  ferric  iron,  sulfate,  and  carbon  dioxide  (which  is  utilized  during  methanogenesis) 
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represent  sources  of  electron  acceptor  capacity  tor  the  biodegradation  of  BTEX  compounds  at 
the  site.  Further,  because  fuel  hydrocarbon-degrading  microorganisms  have  been  known  to 
thrive  under  a  wide  range  of  temperature  and  pH  conditions  (Freeze  and  Cherry,  1979),  the 
physical  and  chemical  conditions  of  the  ground  water  and  phreatic  soil  at  the  Hangar  10  site 
are  not  likely  to  inhibit  microorganism  growth,  although  growth  might  be  slowed  by  the 
relatively  low  temperatures. 

Fuel  hydrocarbon-degrading  microorganisms  are  ubiquitous,  and  as  many  as  28 
hydrocarbon-degrading  isolates  (bacteria  and  fungi)  have  been  discovered  in  different  soil 
environments  (Davies  and  Westlake,  1977;  Jones  and  Eddington,  1968).  Indigenous 
microorganisms  have  a  distinct  advantage  over  microorganisms  injected  into  the  subsurface  to 
enhance  biodegradation  because  indigenous  microorganisms  are  well  adapted  to  the  physical 
and  chemical  conditions  of  the  subsurface  in  which  they  reside  (Goldstein  et  al.,  1985). 
Microbe  addition  was  not  considered  a  viable  remedial  technology  for  the  Hangar  10  site. 

6.2.3.2  Potential  Exposure  Pathways 

A  pathways  analysis  identifies  the  potential  human  and  ecological  receptors  that  could 
potentially  come  into  contact  with  site-related  contamination  and  the  pathways  through  which 
these  receptors  might  be  exposed.  To  have  a  completed  exposure  pathway,  there  must  be  a 
source  of  contamination,  a  potential  mechanism(s)  of  release,  a  pathway  of  transport  to  an 
exposure  point,  an  exposure  point,  and  a  receptor.  If  any  of  these  elements  do  not  exist,  the 
exposure  pathway  is  considered  incomplete,  and  receptors  will  not  come  into  contact  with  site- 
related  contamination.  Evaluation  of  the  potential  long-term  effectiveness  of  any  remedial 
technology  or  remedial  alternative  as  part  of  this  demonstration  project  includes  determining  if 
the  approach  will  be  sufficient  and  adequate  to  minimize  plume  expansion  so  that  potential 
exposure  pathways  involving  shallow  ground  water  are  incomplete. 

Assumptions  about  current  and  future  land  uses  at  a  site  form  the  basis  for  identifying 
potential  receptors,  potential  exposure  pathways,  reasonable  exposure  scenarios,  and 
appropriate  remediation  goals.  USEPA  (1991)  advises  that  the  land  use  associated  with  the 
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highest  (most  conservative)  potential  level  of  exposure  and  risk  that  can  reasonably  be 
expected  to  occur  should  be  used  to  guide  the  identification  of  potential  exposure  pathways  and 
to  determine  the  level  to  which  the  site  must  be  remediated.  The  probable  source  area  consists 
of  POL  facilities,  including  distribution  lines,  pump  houses,  and  valve  pits,  and  possibly  a 
1,000-gallon  UST  near  Hangar  10.  Hangars  and  other  maintenance  buildings,  aircraft  pads, 
taxiways,  and  runway  infields  are  located  to  the  north,  west,  and  east  of  Hangar  10.  The  area 
south  of  the  site  is  occupied  by  aircraft  runways  and  their  associated  infields.  The  ground 
water  plume  originating  from  the  Hangar  10  site  is  migrating  to  the  south-southwest,  and  has 
impacted  ground  water  in  an  area  extending  from  the  vicinity  of  Hangar  10  to  an  area  just 
south  of  the  taxiway  south  of  Hangar  8  (Figures  4.1  and  4.2).  Thus,  the  current  land  use 
within  and  downgradient  of  the  contaminant  plume  is  entirely  industrial.  Other  base  facilities, 
including  a  fire  station  and  the  base  operations  buildings,  are  located  approximately  1 ,500  feet 
beyond  the  downgradient  margin  of  the  BTEX  plume.  Some  base  housing  is  present,  but  is 
over  2,000  feet  downgradient  from  the  plume  margin.  Ultimately,  ground  water  from  the 
shallow  aquifer  discharges  into  Ship  Creek,  which  is  approximately  1.5  miles  south  of  the  site. 

Under  reasonable  current  land  use  assumptions,  potential  receptors  only  include  worker 
populations.  It  is  unlikely  that  workers  could  be  exposed  to  site-related  contamination  in 
phreatic  soils  or  shallow  ground  water  unless  this  material  is  removed  during  future 
construction  excavations  or  remedial  activities.  Previous  soil  data  did  not  indicate  any 
widespread  areas  of  soil  contamination,  and  because  the  water  table  is  at  least  15  feet  bgs  in 
the  plume  area,  exposure  to  the  ground  water  is  also  unlikely.  Ground  water  from  the 
outwash  aquifer  is  not  currently  used  to  meet  any  demands  at  Elmendorf  AFB.  On-base  water 
demands  are  met  by  supply  wells  screened  in  the  deep  confined  aquifer.  Exposure  pathways 
involving  other  environmental  media  such  as  shallow  soils  and  soil  gas  in  the  source  area  were 
not  considered  as  part  of  this  project,  but  should  be  considered  in  overall  site  remediation 
decisions.  Migration  to  and  discharge  of  contaminated  shallow  ground  water  into  Ship  Creek 
could  complete  an  exposure  pathway  to  human  or  ecological  receptors  via  dermal  contact  or 
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possible  ingestion,  but  it  is  very  unlikely  that  detectable  BTEX  concentrations  from  the  Hangar 
10  site  could  reach  the  creek. 

Assumptions  about  hypothetical  future  land  uses  must  also  be  made  to  ensure  that  the 
remedial  technology  or  alternative  considered  for  shallow  ground  water  at  the  site  is  adequate 
and  sufficient  to  provide  long-term  protection.  No  changes  in  land  use  are  anticipated  in  the 
foreseeable  future,  so  an  industrial  land  use  assumption  is  most  appropriate.  Thus,  potential 
future  receptors  include  only  worker  populations.  The  potential  future  exposure  pathways 
involving  workers  are  identical  to  those  under  current  conditions  provided  shallow  ground 
water  is  not  used  to  meet  industrial  water  demands.  In  summary,  the  use  of  the  intrinsic 
remediation  technology  at  this  site  will  require  that  the  source  area  be  maintained  as  industrial 
property  and  that  restrictions  on  shallow  ground  water  use  be  enforced  in  areas  downgradient 
of  the  Hangar  10  site  until  natural  attenuation  reduces  contaminants  to  levels  that  pose  no  risk. 
If  source  removal  technologies  such  as  soil  vapor  extraction,  bioventing,  biosparging,  or 
ground  water  pump  and  treat  are  implemented,  they  will  have  some  impact  on  the  short-  and 
long-term  land  use  options  and  will  require  some  level  of  institutional  control  and  worker 
protection  during  remediation. 

6.2.3.3  Remediation  Goals  for  Shallow  Ground  Water 

Model  results  suggest  that  BTEX  compounds  are  not  likely  to  move  more  that  1,750  feet 
downgradient  of  the  observed  plume  front.  Therefore,  an  area  approximately  1,750  feet 
beyond  the  plume  boundary  observed  in  June  1994  has  been  identified  as  the  POC  for  ground 
water  remedial  activities  because  this  appears  to  be  the  maximum  extent  of  future  contaminant 
migration.  This  is  a  suitable  location  for  monitoring  and  for  demonstrating  compliance  with 
protective  ground  water  quality  standards,  such  as  promulgated  ground  water  maximum 
contaminant  levels  (MCLs). 

This  remedial  strategy  assumes  that  compliance  with  promulgated,  single-point  remediation 
goals  is  not  necessary  if  site-related  contamination  does  not  pose  a  threat  to  human  health  or 
the  environment  (i.e.,  the  exposure  pathway  is  incomplete).  Thus,  the  magnitude  of  required 
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remediation  in  areas  that  can  and  will  be  placed  under  institutional  control  is  different  from  the 
remediation  that  is  required  in  areas  that  may  be  available  for  unrestricted  use.  The  primary 
RAO  for  shallow  ground  water  within  and  downgradient  of  Hangar  10  is  limited  plume 
expansion  to  prevent  exposure  of  downgradient  receptors  to  concentrations  of  BTEX  in  ground 
water  at  levels  that  pose  a  risk.  This  mea.is  that  viable  remedial  alternatives  must  be  able  to 
achieve  concentrations  that  minimize  plume  migration  and/or  expansion.  The  RAO  for 
shallow  ground  water  at  the  POC  is  attainment  of  federal  drinking  water  MCLs  for  each  of  the 
BTEX  compounds  listed  in  Table  6.1.  Although  it  is  unlikely  that  ground  water  would  be 
ingested  by  humans,  this  level  of  long-term  protection  is  appropriate. 

TABLE  6.1 

POINT-OF-COMPLIANCE  REMEDIATION  GOALS 
HANGAR  10  INTRINSIC  REMEDIATION  TS 
ELMENDORF  AFB,  ALASKA 


Compound 

Federal  MCLs  (pg/L) 

Benzene 

5 

Toluene 

1,000 

Ethylbenzene 

700 

Total  Xylenes 

10,000 

In  summary,  available  data  suggest  that  there  is  no  complete  potential  exposure  pathway 
ivolving  shallow  ground  water  under  current  conditions.  Moreover,  it  is  likely  that  no 
potential  exposure  pathways  involving  shallow  ground  water  would  be  complete  under  future 
land  use  assumptions,  provided  use  of  shallow  ground  water  as  a  potable  or  industrial  source 
of  water  is  prohibited  by  institutional  controls  within  the  plume  area  and  within  an  area 

6-11 


022/722450.1 19.  WW6 


approximately  1,750  feet  downgradient  of  the  1994  plume  front.  Thus,  institutional  controls 
are  likely  to  be  a  necessary  component  of  any  ground  water  remediation  strategy  for  this  site 
The  required  duration  of  these  institutional  controls  may  vary  depending  on  the  effectiveness 
of  the  selected  remedial  technology  at  reducing  contaminant  mass  and  concentration  in  the 
ground  water. 

6.2.4  Summary  of  Remedial  Technology  Screening 

Several  remedial  technologies  have  been  identified  and  screened  for  use  in  treating  the 
shallow  ground  water  at  the  Hangar  10  site.  Table  6.2  identifies  the  initial  remedial 
technologies  considered  as  part  of  this  demonstration  and  those  retained  for  detailed 
comparative  analysis.  Screening  was  conducted  systematically  by  considering  the  program 
objectives  of  the  AFCEE  intrinsic  remediation  demonstration,  physiochemical  properties  of  the 
BTEX  compounds,  and  other  site-specific  characteristics  such  as  hydrogeology,  land  use 
assumptions,  potential  exposure  pathways,  and  appropriate  remediation  goals.  All  of  these 
factors  will  influence  the  technical  effectiveness,  implementation,  and  relative  cost  of 
technologies  for  remediating  shallow  ground  water  underlying  and  migrating  from  the  site. 
The  remedial  technologies  retained  for  development  of  remedial  alternatives  and  comparative 
analysis  include  institutional  controls,  intrinsic  remediation,  LTM,  and  biosparging. 

6.3  BRIEF  DESCRIPTION  OF  REMEDIAL  ALTERNATIVES 

This  section  describes  how  remedial  technologies  retained  from  the  screening  process  were 
combined  into  two  remedial  alternatives  for  the  Hangar  10  site.  Sufficient  information  on  each 
remedial  alternative  is  provided  to  facilitate  a  comparative  analysis  of  effectiveness, 
implementability,  and  cost  in  Section  6.4. 

6.3.1  Alternative  1  -  Intrinsic  Remediation  and  Institutional  Controls  with  Long-Term 
Ground  Water  Monitoring 

Intrinsic  remediation  is  achieved  when  natural  attenuation  mechanisms  reduce  the  total  mass 
of  a  contaminant  in  the  soil  or  dissolved  in  ground  water  so  that  exposure  risks  are  reduced  to 
acceptable  levels.  Natural  attenuation  mechanisms  are  classified  as  either  destructive  or 
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TABLE  6.2 

INITIAL  TECHNICAL  IMPLEMENTABILITY  SCREENING  OF 
TECHNOLOGIES  AND  PROCESS  OPTIONS  FOR  GROUND  WATER  REMEDIATION 
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INITIAL  TECHNICAL  IMPLEMENTABILITY  SCREENING  OF 
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UV/Ozone  High  flow  rates  require  excessive  retention  times  and  large,  expensive 
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nondestructive.  Destructive  attenuation  mechanisms  include  biodegradation,  abiotic  oxidation, 
and  hydrolysis.  Nondestructive  attenuation  mechanisms  include  sorption,  dilution  (caused  by 
dispersion  and  infiltration),  and  volatilization.  In  some  cases,  natural  attenuation  will  reduce 
dissolved  contaminant  concentrations  below  numerical  concentration  goals,  thus  protecting 
human  health  and  the  environment.  Based  on  the  existing  evidence  of  natural  attenuation 
described  in  Section  4,  these  processes  are  occurring  at  the  Hangar  10  site  and  will  continue  to 
reduce  contaminant  mass  in  the  plume  area. 

Results  of  model  ELMB  suggest  that  the  dissolved  plume  should  reach  its  maximum  extent 
within  1  year.  After  approximately  3  years,  the  Bioplume  II  model  predicts  that  natural 
attenuation  of  the  BTEX  plume  will  significantly  reduce  its  size  and  concentration.  This 
plume  could  extend  to  a  maximum  of  1 ,750  feet  downgradient  of  the  plume  front  indicated  by 
June  1994  data.  This  does  not  take  into  account  the  full  extent  of  anaerobic  biodegradation,  or 
source  reduction  through  weathering  of  the  residual  product  trapped  in  the  soil  pores.  Model 
ELM  A  assumes  that  more  anaerobic  degradation  occurs  than  in  other  models.  This  model  is 
based  on  anaerobic  decay  coefficients  calculated  from  site  specific  data  and  confirmed  by 
literature  values.  Model  ELMA  predicted  much  more  limited  plume  migration  than  ELMB, 
with  BTEX  plume  reduction  occurring  approximately  twice  as  fast.  Results  of  model  ELMC 
suggest  that  even  with  a  continuing  source  of  contamination,  the  plume  will  migrate  no  more 
than  500  feet  beyond  the  June  1994  plume  front  before  shrinking  to  the  source  area  within  5 
years.  Under  this  scenario,  contamination  would  persist  only  as  long  as  the  source  continues 
to  release  BTEX  to  the  shallow  ground  water. 

Implementation  of  Alternative  1  would  require  the  use  of  institutional  controls  such  as  land 
use  restrictions  and  LTM.  Land  use  restrictions  may  include  placing  long-term  restrictions  on 
soil  excavation  within  the  source  area  and  long-term  restrictions  on  ground  wati^r  well 
installations  within  and  downgradient  of  the  plume  area.  The  intent  of  these  restrictions  would 
be  to  reduce  potential  receptor  exposure  to  contaminants  by  legally  restricting  activities  within 
areas  affected  by  site-related  contamination.  The  three  previously  discussed  model  scenarios 
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delineate  the  minimum  and  maximum  estimated  plume  migration  distances.  Future  plume 
migration  and  degradation  will  most  likely  result  in  conditions  that  fall  between  these  limits. 
To  be  conservative,  the  results  of  model  ELMB  should  be  considered  in  making  decisions 
regarding  ground  water  monitoring  and  potential  land  use  restrictions. 

As  a  minimum,  ground  water  monitoring  would  be  conducted  twice  annually  as  part  of  this 
remedial  technology  to  evaluate  the  progress  of  natural  attenuation  processes.  Based  on  the 
potential  plume  migration  suggested  by  model  ELMB,  it  is  unlikely  that  benzene 
concentrations  exceeding  the  MCL  of  5  pg/L  would  be  present  more  that  1,750  feet 
downgradient  of  the  1994  plume  front  (this  would  be  true  even  if  it  were  assumed  that  model 
contaminant  concentrations  are  all  benzene  rather  than  total  BTEX).  Results  of  models  ELM  A 
and  ELMC  suggest  that,  at  its  maximum  extent,  the  BTEX  plume  would  reach  no  more  than 
500  feet  beyond  the  1994  plume  front. 

Because  there  are  no  apparent  downgradient  receptors,  three  POC  wells  should  be  placed 
downgradient  of  the  modeled  maximum  extent  (i.e.,  slightly  more  than  1,750  feet 
downgradient  of  the  source  area).  In  addition,  four  LTM  wells  within,  upgradient  and 
immediately  downgradient  of  the  existing  BTEX  plume  would  be  used  to  monitor  the 
effectiveness  of  natural  attenuation.  LTM  wells  are  further  described  in  Section  7.2.1. 
Detection  of  benzene  in  excess  of  5  pg/L  at  downgradient  L  TM  wells  may  require  additional 
evaluation  and  modeling  to  assess  BTEX  migration  and  to  determine  the  probable  extent  of 
BTEX  migration,  or  to  determine  if  additional  corrective  action  would  be  necessary.  Land  use 
restrictions  would  also  require  reevaluation. 

Public  education  on  the  selected  alternative  would  be  developed  to  inform  base  personnel 
and  residents  of  the  scientific  principles  undei lying  source  reduction  and  intrinsic  remediation. 
This  education  could  be  accomplished  thrc  jeh  p’-blic  meetings,  presentations,  press  releases, 
and  posting  of  signs  where  appropriate.  Periodic  site  reviews  could  also  be  conducted  every 
year  using  data  collected  from  the  long-term  ground  water  monitoring  program.  The  purpose 
of  these  periodic  reviews  would  be  to  evaluate  the  extent  of  contamination,  assess  contaminant 
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migration  and  attenuation  through  time,  document  the  effectiveness  of  source  removal  and 
institutional  controls  at  the  site,  and  reevaluate  the  need  for  additional  remedial  actions  at  the 
site. 

6.3.2  Alternative  2  -  Biosparging,  Intrinsic  Remediation,  and  Institutional  Controls  with 
Long-Term  Ground  Water  Monitoring 

This  altemati  is  identical  to  Alternative  1  except  that  biosparging  would  be  used  to 
introduce  DO  to  the  ground  water  in  the  vicinity  of  the  plume  front  to  increase  aerobic 
biodegradation  and  limit  plume  expansion.  Biosparging  would  be  accomplished  at  this  site  by 
injecting  air  several  feet  below  the  ground  water  surface  and  allowing  air  (oxygen)  to  move 
upward  through  the  saturated  zone  and  capillary  fringe  and  into  the  contaminated  vadose  zone. 
Multiple  wells  would  be  installed  along  a  line  near  the  plume  front  to  assure  injection  of  air 
along  the  full  width  of  the  plume.  This  would  increase  the  DO  content  of  the  ground  water 
and  promote  more  rapid  aerobic  biodegradation  of  BTEX  compounds  as  the  plume  enters  the 
sparged  zone.  Sparging  for  plume  containment  is  recommended  because  the  source  area  is 
poorly  defined,  background  DO  levels  are  low,  and  model  results  suggest  that  anaerobic 
biodegradation  is  reducing  BTEX  concentrations  near  the  plume  core. 

Biosparging  wells  would  likely  be  installed  and  manifolded  along  an  east-west  line  through 
the  infield  north  of  the  east-west  runway  (Figure  6.1).  In  this  area,  the  plume  is 
approximately  1,800  feet  wide.  Assuming  that  each  sparging  well  has  a  radius  of  influence  of 
25  feet  and  the  wells  would  be  installed  40  feet  apart,  approximately  50  wells  would  be  needed 
to  fully  intersect  the  plume.  This  spacing  is  reasonable  given  the  highly  permeable  sand  and 
gravel  found  in  the  shallow  aquifer.  All  the  biosparging  wells  would  be  installed  to  a  depth  of 
approximately  30  feet  bgs,  so  that  air  (oxygen)  would  be  introduced  10  to  15  feet  below  the 
water  table.  The  system  would  likely  consist  of  two  separate  lines  of  wells  because  the 
taxiway  present  near  the  western  plume  margin  will  prevent  running  a  single  manifold  along 
the  full  length  of  the  system. 
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As  with  Alternative  1,  institutional  controls  and  LTM  would  be  required.  POC  and  LTM 
wells  would  be  installed  in  the  same  locations  indicated  in  the  previous  section. 

6.4  Evaluation  of  Alternatives 

This  section  provides  a  comparative  analysis  of  each  of  the  remedial  alternatives  based  on 
the  effectiveness,  implementability,  and  cost  criteria.  A  summary  of  this  evaluation  is 
presented  in  Section  6.5. 

6.4.1  Alternative  1  -  Intrinsic  Remediation  and  Institutional  Controls  with  Long-Term 
Ground  Water  Monitoring 

6.4. 1.1  Effectiveness 

Section  5  of  this  document  presents  the  results  of  the  Bioplume  II  modeling  completed  to 
support  the  intrinsic  remediation  alternative  at  the  Hangar  10  site.  Three  models  (ELMA, 
ELMB,  and  ELMC)  were  used  to  illustrate  a  range  of  potential  future  conditions  at  the  site. 
Model  ELMA  predicted  BTEX  migration  and  degradation  based  on  conditions  that  produced 
the  calibrated  model.  Model  ELMB  was  similar,  except  that  the  anaerobic  decay  coefficient 
was  reduced.  ELMC  illustrated  the  effects  of  a  continuous  source  of  BTEX  near  POL  Pump 
House  2. 

Model  results  predicted  that  natural  attenuation  mechanisms  will  significantly  limit 
contaminant  migration  and  reduce  contaminant  mass  and  toxicity.  Benzene  concentrations 
should  not  exceed  the  federal  MCL  at  the  POC  wells.  The  Bioplume  II  model  is  based  upon 
numerous  conservative  assumptions.  Ground  water  monitoring  at  the  LTM  and  POC  wells 
will  ensure  the  protectiveness  of  this  alternative.  While  this  alternative  would  not  cease  to  be 
protective  if  the  benzene  plume  was  intercepted  by  the  POC  wells,  such  an  instance  would 
indicate  that  site  conditions  should  be  reevaluated. 

The  effectiveness  of  this  remedial  alternative  requires  that  excavations  or  drilling  within  the 
source  area  be  conducted  only  by  properly  protected  site  workers.  Reasonable  land  use 
assumptions  for  the  plume  area  indicate  that  exposure  is  unlikely  unless  excavation  or  drilling 
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activities  bring  saturated  soil  to  the  surface.  Long-term  land  use  restrictions  will  be  required 
to  ensure  that  shallow  ground  water  will  not  be  pumped  or  removed  for  potable  use  within, 
and  approximately  1,750  feet  in  all  directions  from,  the  existing  BTEX  plume.  Existing  health 
and  safety  plans  should  be  enforced  to  reduce  risks  from  installing  and  monitoring  additional 
POC  wells. 

Compliance  with  program  goals  is  one  component  of  the  long-term  effectiveness  evaluation 
criterion.  Alternative  1  will  satisfy  program  objectives  designed  to  promote  intrinsic 
remediation  as  a  component  of  site  remediation  and  to  scientifically  document  naturally 
occurring  processes. 

Alternative  1  is  based  on  the  effectiveness  of  enhanced  naturally  occurring  processes  that 
minimize  contaminant  migration  and  reduce  contaminant  mass  over  time,  and  the  effectiveness 
of  institutional  controls.  As  described  earlier,  an  investigation  of  the  potential  effectiveness  of 
naturally  occurring  processes  at  the  Hangar  10  site  using  field  data  and  the  Bioplume  II  model 
demonstrated  that  the  BTEX  plume  migration  will  be  significantly  limited.  The  model 
sensitivity  analysis  completed  for  this  site  (Section  5)  suggests  that  even  under  the  most 
conservative  (i.e.,  worst-case)  conditions,  the  naturally  occurring  processes  at  Hangar  10 
should  reduce  contaminant  migration  so  that  the  maximum  distance  traveled  by  the  plume  is 
unlikely  to  be  beyond  the  proposed  POC  wells.  The  actual  maximum  migration  distance  is 
likely  to  be  much  less  than  the  maximum  predicted  distance  of  1,750  feet  beyond  the  June 
1994  plume  front,  due  to  the  significant  amount  of  anaerobic  biodegradation  at  the  site  and  the 
minimal  plume  travel  observed  between  June  1993  and  June  1994. 

Aside  from  the  administrative  concerns  associated  with  enforcement  of  long-term  land  use 
restrictions  and  long-term  ground  water  monitoring  programs,  this  remedial  alternative  should 
provide  reliable,  continued  protection.  Model  results  suggest  that  the  plume  will  degrade  in 
slightly  more  than  3  years.  However,  due  to  uncertainty  about  the  source  of  BTEX 
contamination,  it  is  assumed  for  cost  comparison  purposes  that  dissolved  benzene 
concentrations  will  exceed  federal  MCLs  throughout  the  plume  for  approximately  5  years 
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under  Alternative  1.  An  additional  5  years  of  semiannual  ground  water  monitoring  will  be 
required  to  ensure  that  natural  attenuation  has  uniformly  reduced  all  BTEX  compounds  to 
levels  below  federal  MCLs. 


•  • 


6.4. 1 .2  Implementabilty 

Alternative  1  is  not  technically  difficult  to  implement.  Installation  of  LTM  and  POC  wells 
and  semiannual  ground  water  monitoring  are  standard  procedures.  Long-term  management 
efforts  will  be  required  to  ensure  proper  sampling  procedures  are  followed.  Periodic  site 
reviews  should  be  conducted  to  confirm  the  adequacy  and  completeness  of  LTM  data  and 
verify  the  effectiveness  of  this  remediation  approach.  There  may  also  be  administrative 
concerns  associated  with  long-term  enforcement  of  ground  water  use  restrictions.  Future  land 
use  within  the  source  area  may  be  impacted  by  leaving  contaminated  soil  and  ground  water  in 
place.  Regulators  and  the  public  will  have  to  be  informed  of  the  benefits  and  limitations  of  the 
intrinsic  remediation  option.  Educational  programs  are  not  difficult  to  implement,  and  the 
initial  regulatory  reaction  to  this  alternative  has  been  positive. 

6.4. 1.3  Cost 

The  cost  of  Alternative  1  is  summarized  in  Table  6.3.  Capital  costs  are  limited  to  the 
construction  of  three  new  POC  wells.  Included  in  the  $143,000  total  present  worth  cost 
estimate  for  Alternative  1  are  the  costs  of  maintaining  institutional  controls  and  long-term 
ground  water  monitoring  for  a  total  of  10  years. 

6.4.2  Alternative  2  -  Biosparging,  Intrinsic  Remediation  and  Institutional  Controls  with 
Long-Term  Ground  Water  Monitoring 

6.4.2. 1  Effectiveness 

Oxygenation  of  ground  water  near  the  plume  will  mitigate  further  plume  migration  by 
stimulating  aerobic  biodegradation.  In  addition,  any  BTEX  compounds  present  downgradient 
from  the  proposed  sparging  system  would  be  treated  as  oxygenated  ground  water  travels 
downgradient  at  the  advective  ground  water  velocity.  Given  the  Bioplume  II  model  results 
discussed  in  Section  5,  the  degradation  of  BTEX  compounds  that  migrate  through  the  sparged 
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TABLE  6.3  * 

ALTERNATIVE  1  -  COST  ESTIMATE  ^ 

HANGAR  10  INTRINSIC  REMEDIATION  TS 
ELMENDORF  AFB,  ALASKA 


Capital  Costs 

Design/Construct  Three  POC  Wells 

Operation.  Maintenance  and  Monitoring  Costs  lAnnuaH 

Cost 

$12,000 

Annual  Cost 

» 

Conduct  Semiannual  Ground  Water  Monitoring  of  7  wells 
(10  years) 

$6,000 

» 

Maintain  Institutional  Controls/Public  Education  (10  years) 

$5,000 

Project  Management  (10  years) 

$6,000 

» 

Present  Worth  of  Alternative  1 

$143,000 

^  Based  on  an  annual  inflation  factor  of  5  percent. 


» 


» 
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zone  should  be  greatly  enhanced  as  aerobic  biodegradation  plays  a  more  significant  role. 
However,  because  the  system  would  not  address  contamination  in  the  plume  core,  dissolved 
BTEX  upgradient  of  the  system  would  continue  to  be  reduced  by  natural  attenuation  alone.  As 
with  Alternative  1,  this  alternative  would  require  long-term  land  use  restrictions  and 
enforcement  of  health  and  safety  plans  to  reduce  risks  from  installing  the  biosparging  system 
and  installing  and  monitoring  LTM  and  POC  wells. 

Alternative  2  should  provide  reliable,  continuous  protection  with  little  risk  from  temporary 
system  failures.  This  alternative  also  complies  with  the  program  goals  because  natural 
attenuation  remains  the  predominant  decontamination  method  for  the  site.  However,  this 
remedial  alternative  will  result  in  the  generation  of  additional  drill  cuttings  and  other  wastes 
requiring  treatment  and/or  disposal. 

As  in  Alternative  1 ,  it  is  assumed  that  dissolved  benzene  concentrations  will  exceed  federal 
MCLs  throughout  the  plume  for  approximately  5  years  under  Alternative  2.  An  additional 
5  years  of  semiannual  ground  water  monitoring  will  be  required  to  ensure  that  biosparging  and 
natural  attenuation  has  uniformly  reduced  all  BTEX  compounds  to  levels  below  MCLs.  Costs 
for  installation  of  the  biosparging  system  are  based  on  the  conceptual  design  discussed  in 
Section  6.3.2. 

6.4.2.2  Implementability 

Installing  and  operating  a  biosparging  system  to  limit  the  migration  of  BTEX  contamination 
at  the  Hangar  10  site  will  present  additional  implementability  concerns.  Installation  involves 
standard  drilling  practices  for  wells,  and  limited  shallow  excavation  for  piping  and  manifold 
connections.  Implementation  in  and  around  the  infield  area  could  be  disruptive  to  flight 
operations.  Biosparging  equipment  is  readily  available  and  the  technology  used  to  construct 
the  system  is  proven  and  reliable.  The  technical  and  administrative  implementability  cjncems 
associated  with  the  intrinsic  remediation  and  long-term  monitoring  component  of  this  remedial 
alternative  are  identical  to  those  discussed  in  Alternative  1 
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6.4.2. 3  Cost 

The  estimated  capital  and  operating  costs  of  Alternative  2  are  shown  in  Table  6.4.  The 
total  present  worth  cost  of  Alternative  2  is  $584,000.  The  cost  of  Alternative  2  will  be 
increased  from  the  costs  of  Alternative  1  by  the  addition  of  biosparging,  but  monitoring  would 
be  continued  for  the  same  length  of  time  to  verify  that  the  plume  continues  to  degrade 
upgradient  of  the  sparging  system  and  that  any  part  of  the  plume  does  not  reach  the  POC 
wells.  Semiannual  long-term  monitoring  would  continue  for  10  years  to  ensure  that  natural 
attenuation  is  reducing  BTEX  concentrations  below  MCLs  throughout  the  plume. 

6.5  RECOMMENDED  REMEDIAL  APPROACH 

Two  remedial  alternatives  have  been  evaluated  for  remediation  of  the  shallow  ground  water 
at  the  Hangar  10  site.  Components  of  the  alternatives  evaluated  include  biosparging,  intrinsic 
remediation  with  LTM,  and  institutional  controls.  Table  6.5  summarizes  the  results  of  the 
evaluation  based  upon  effectiveness,  implementability,  and  cost  criteria.  Based  on  this 
evaluation,  Parsons  ES  recommends  Alternative  1  as  achieving  the  best  combination  of  risk 
reduction  and  cost  effectiveness. 

Based  on  all  effectiveness  criteria,  both  alternatives  make  maximum  use  of  natural 
attenuation  mechanisms  to  reduce  plume  migiation  and  toxicity.  Alternative  2  would  provide 
additional  protection  against  further  plume  migration,  but  would  still  rely  on  natural 
attenuation  mechanisms  to  reduce  plume  toxicity  upgradient  of  the  biosparging  system.  In 
addition,  implementation  of  Alternative  2  would  not  effectively  decrease  the  time  frame  for 
remediation  and  would  not  meet  AFCEE’s  waste  minimization  objective  as  well  as  would 
Alternative  1.  Both  of  the  remedial  alternatives  are  implementable,  and  both  alternatives 
effectively  reduce  potential  hydrocarbon  migration  and  toxicity.  Both  alternatives  should  be 
acceptable  to  the  public  and  regulatory  agencies  because  they  are  protective  of  human  health 
and  the  environment  and  reduce  soil  and  ground  water  contamination  in  a  relatively  short  time 
frame.  Implementation  of  either  alternative  will  require  land  use  and  ground  water  use 


6-26 


022,'72:450.  II9.WW6 


•  •  • 


FINAL 


TABLE  6.4 

ALTERNATIVE  2  -  COST  ESTIMATE 
HANGAR  10  INTRINSIC  REMEDIATION  TS 

_ ELMENDORF  AFB,  ALASKA _ 

Capital  Costs 

Design/Construct  Three  POC  Wells 

Design/Construct  Biosparging  System,  Including  Manifolding 
and  Blowers  (assuming  50  wells  @  30  feet  deep) 

Operation.  Maintenance  and  Monitoring  Costs  (Annuall 
Operate  and  Maintain  Biosparging  System  (5  years) 

Ci  nduct  Semiannual  Ground  Water  Monitoring  of  7  wells 
(10  years) 

Maintain  Institutional  Controls/Public  Education  (10  years) 

Project  Management  (10  years) 

Present  Worth  of  Alternative  2  ^ 


^  Based  on  an  annual  inflation  factor  of  5  percent. 


6-27 


Cost 

$12,000 

$400,000 

Annual  Cost 
$12,000 

$6,000 

$5,000 

$6,000 

$584,000 
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controls  to  be  enforced  for  approximately  10  years,  along  with  semiannual  ground  water 
monitoring  for  the  same  period. 

The  final  evaluation  criterion  used  to  comp  .r"  each  of  the  two  remedial  alternatives  was 
cost.  It  is  the  opinion  of  Parsons  ES  that  the  additional  cost  of  Alternative  2  over  Alternative 
1  is  not  justified  by  the  minimal  additional  protection  it  provides.  Therefore,  Alternative  1  is 
preferred. 
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SECTION  7 

LONG-TERM  MONITORING  PLAN 


7.1  OVERVIEW 

In  keeping  with  the  requirements  of  the  preferred  remedial  alternative  for  the  Hangar  10 
site  (intrinsic  remediation  with  LTM),  a  long-term  ground  water  monitoring  plan  must  be 
developed.  The  purpose  of  this  component  of  the  preferred  remedial  alternative  for  the 
Hangar  10  site  is  to  assess  site  conditions  over  time,  confutn  the  effectiveness  of  naturally 
occurring  processes  at  reducing  contaminant  mass  and  minimizing  contaminant  migration, 
and  evaluate  the  need  for  additional  remediation. 

To  demonstrate  attainment  with  both  levels  of  site-specific  remediation  goals  and  to 
verify  the  predictions  of  the  Bioplume  II  model  developed  for  the  Hangar  10  site,  the  LTM 
plan  consists  of  identifying  the  location  of  two  separate  ground  water  monitoring  networks 
and  developing  a  ground  water  sampling  and  analysis  strategy.  The  strategy  described  in 
this  section  is  designed  to  monitor  plume  migration  over  time  and  to  verify  that  natural 
attenuation  is  occurring  at  rates  sufficient  to  protect  potential  receptors.  In  the  event  that 
data  collected  under  this  LTM  program  indicate  that  naturally  occurring  processes  are 
insufficient  to  protect  human  health  and  the  environment,  contingency  controls  to  augment 
the  beneficial  effects  of  intrinsic  remediation  would  be  necessary. 

7.2  MONITORING  NETWORKS 

Two  separate  sets  of  wells  will  be  installed  at  the  site  as  part  of  the  intrinsic  remediation 
with  LTM  remedial  alternative.  The  first  set  will  consist  of  four  LTM  wells  located  in, 
upgradient,  and  downgradient  of  the  observed  BTEX  plume  to  verify  the  results  of  the 
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Bioplume  II  modeling  effort  and  to  ensure  that  natural  attenuation  is  occurring  at  rates 
sufficient  to  minimize  plume  expansion  (i.e.,  meet  the  first  level  of  remediation 
concentration  goals  for  the  site).  This  network  of  wells  will  consist  of  wells  screened 
within  the  shallow  aquifer  to  provide  short-term  confirmation  and  verification  of  the 
quantitative  ground  water  modeling  results.  The  second  set  of  ground  water  monitoring 
wells  will  be  located  along  a  line  approximately  1,750  feet  downgradient  from  the  source 
area  (the  POC  for  this  demonstration  project).  The  purpose  of  the  POC  wells  is  to  verify 
that  no  BTEX  compounds  exceeding  federal  MCLs  migrate  beyond  the  area  under 
institutional  control  (i.e.,  meet  the  second  level  of  remediation  concentration  goals  for  the 
site).  This  network  will  consist  of  three  ground  water  monitoring  wells  screened  across 
the  first  10  feet  of  the  shallow  aquifer.  The  LTM  and  POC  wells  will  be  sampled  for 
analysis  of  the  parameters  listed  in  Tables  7.1  and  7.2,  respectively. 

7.2.1  Long-Term  Monitoring  Wells 

At  four  locations,  ground  water  wells  within,  upgradient,  and  downgradient  of  the 
existing  BTEX  contaminant  plume  will  be  used  to  monitor  the  effectiveness  of  natural 
attenuation  in  reducing  total  contaminant  mass  and  minimizing  contaminant  migration  at 
the  Hangar  10  site.  As  at  all  sites,  one  well  upgradient  of  the  existing  plume  will  be 
monitored.  Of  the  remaining  wells,  one  is  placed  in  the  anaerobic  treatment  zone,  one  is 
placed  in  the  aerobic  treatment  zone,  and  the  last  well  is  typically  placed  downgradient  of 
the  aerobic  treatment  zone.  However,  because  site  data  indicate  that  anaerobic 
biodegradation  is  more  significant  than  aerobic  biodegradation  and  the  aerobic  treatment 
zone  is  not  well  defined,  wells  will  not  be  placed  in  this  manner.  Instead,  one  well  near 
the  plume  core  and  wells  at  two  downgradient  locations  within  and  beyond  the  existing 
BTEX  plume  will  be  monitored. 

At  all  of  the  LTM  locations,  existing  wells  will  be  used  for  this  purpose.  Well  OU4W- 
2  will  be  used  to  monitor  conditions  upgradient  of  the  plume,  while  monitoring  well 
OU4W-4  will  be  used  to  monitor  conditions  near  the  plume  core.  Monitoring  well 
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ESMW-7A  (the  shallow  well  of  that  nest)  will  be  used  for  monitoring  near  the  plume  front 
Well  OU4W-12  will  be  used  for  monitoring  downgradient  of  the  plume.  Figure  7.1 
identifies  the  existing  wells  to  be  used  for  LTM.  This  network  will  supplement  the  POC 
wells  to  provide  early  confirmation  of  model  predictions  and  to  allow  additional  response 
time  if  necessary  .  All  LTM  wells  will  be  sampled  and  analyzed  for  the  parameters  listed 
in  Table  7.1  to  verify  the  effectiveness  of  the  intrinsic  remediation  remedial  alternative. 

7.2.2  Point-of-CompIiance  Wells 

Three  POC  monitoring  wells  will  be  installed  approximately  1,750  feet  downgradient  ol 
the  existing  BTEX  plume.  Figure  7. 1  shows  the  proposed  locations  of  these  wells.  The 
purpose  of  the  POC  wells  is  to  verify  that  no  contaminated  ground  water  exceeding  federal 
MCLs  migrates  beyond  the  area  under  institutional  control.  Although  model  results 
suggest  that  the  contaminant  plume  will  not  migrate  beyond  this  location  at  concentrations 
exceeding  chemical-specific  federal  MCLs,  these  POC  wells  are  the  technical  mechanisms 
used  to  demonstrate  protection  of  human  health  and  the  environment  and  compliance  with 
site-specific  numerical  remediation  goals.  These  wells  will  be  installed  and  monitored  for 
the  parameters  listed  in  Table  7.2  to  assure  that  the  selected  remedy  is  providing  the 
anticipated  level  of  risk  reduction  and  remediation  at  the  site. 

As  with  the  LTM  wells,  the  POC  wells  will  also  be  screened  in  the  same  hydrogeologic 
unit  as  the  contaminant  plume.  Data  presented  in  this  report  concerning  the  nature  and 
extent  of  contamination  at  the  site  suggest  that  a  10-foot  screen  with  approximately  8  feet 
of  screen  below  the  ground  water  surface  will  be  sufficient  to  intercept  the  contaminant 
plume  at  this  site.  Figure  7.2  is  a  proposed  ground  water  monitoring  well  completion 
diagram  for  both  the  LTM  wells  and  the  POC  wells. 

7.3  GROUND  WATER  SAMPLING 

To  ensure  that  sufficient  contaminant  removal  is  occurring  at  the  Hangar  10  site  to  protect 
human  health  and  the  environment  and  meet  site-specific  remediation  goals,  the 
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long-term  ground  water  monitoring  plan  includes  a  comprehensive  sampling  and  analysis 
plan.  Both  LTM  and  POC  wells  will  be  sampled  and  analyzed  semiannually  to  verity  that 
naturally  occurring  processes  are  effectively  reducing  contaminant  mass  and  mobility. 
Reductions  in  toxicity  will  be  implied  by  mass  reduction.  The  sampling  and  analysis  plan 
will  also  be  aimed  at  assuring  intrinsic  remediation  can  achieve  site-specific  remediation 
concentration  goals  for  BTEX  compounds  and  protect  human  health  and  the  environment. 

7.3.1  Analytical  Protocol 

All  LTM  and  POC  wells  in  the  LTM  program  will  be  sampled  and  analyzed  to 
determine  compliance  with  chemical-specific  remediation  goals  and  to  verify  the 
effectiveness  of  natural  attenuation  at  the  site.  Water  level  measuremems  will  be  made 
during  each  sampling  event.  Ground  water  samples  will  be  analyzed  for  the  parameters 
listed  in  Tables  7.1  and  7.2.  A  site-specific  ground  water  sampling  and  analysis  plan 
should  be  prepared  prior  to  initiating  the  LTM  program. 

7.3.2  Sampling  Frequency 

Each  of  the  LTM  and  POC  sampling  points  will  be  sampled  twice  each  year  for  10 
years.  If  the  data  collected  during  this  time  period  supports  the  anticipated  effectiveness  of 
the  intrinsic  remediation  alternative  at  this  site,  the  sampling  frequency  can  be  reduced  to 
once  every  year  for  all  wells  in  the  LTM  program,  or  eliminated.  If  the  data  collected  at 
any  time  during  the  monitoring  period  indicate  the  need  for  additional  remedial  activities  at 
the  site,  sampling  frequency  should  be  adjusted  accordingly. 
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SECTION  8 

CONCLUSIONS  AND  RECOMMENDATIONS 

This  report  presents  the  results  of  a  TS  conducted  to  evaluate  the  use  of  intrinsic 
remediation  (natural  attenuation)  for  remediation  of  fuel-hydrocarbon-contaminated  ground 
water  at  the  Hangar  10  site,  Elmendorf  AFB,  Alaska.  Specifically,  the  finite-difference 
ground  water  model  Bioplume  II  was  used  in  conjunction  with  site-specific  geologic, 
hydrologic,  and  laboratory  analytical  data  to  simulate  the  migration  and  biodegradation  of 
fuel  hydrocarbon  compounds  dissolved  in  ground  water.  Ground  water  contaminant  and 
geochemical  data  strongly  suggest  that  anaerobic  biodegradation  of  fuel  hydrocarbons  is 
occurring  at  the  site  via  denitrification,  iron  reduction,  sulfate  reduction,  and 
methanogenesis.  In  addition,  the  data  also  suggest  that  aerobic  biodegradation  is 
occurring,  although  due  to  low  background  DO  concentrations,  this  process  is  not  as 
significant  as  anaerobic  biodegradation.  Volatile  fatty  acids  analyses  detected  byproducts 
of  BTEX  biodegradation,  further  confirming  that  dissolved  BTEX  compounds  are  being 
biodegraded  in  the  vicinity  of  Hangar  10. 

To  collect  the  data  necessary  for  the  intrinsic  remediation  demonstration.  Parsons  ES 
and  USEPA  researchers  collected  soil  and  ground  water  samples  from  the  site.  Physical 
and  chemical  data  collected  under  this  program  were  supplemented  with  data  collected 
during  previous  site  characterization  events.  Site-specific  geologic,  hydrologic,  and 
laboratory  analytical  data  were  then  used  in  the  Bioplume  II  numerical  ground  water  model 
to  simulate  the  effects  of  advection,  dispersion,  sorption,  and  biodegradation  on  the  fate 
and  transport  of  the  dissolved  BTEX  plume.  Extensive  site-specific  data  were  used  for 
model  calibration  and  implementation.  Model  parameters  that  could  not  be  obtained  from 
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existing  site  data  were  estimated  using  widely  accepted  literature  values  for  sediments 
similar  to  those  found  at  the  site.  Conservative  aquifer  parameters  were  used  to  construct 
the  Bioplume  II  model  for  this  study,  and  therefore,  the  model  results  presented  herein 
represent  a  worst-case  scenario. 

For  one  simulation  (model  ELMA),  it  was  assumed  that  conditions  which  produced  the 
calibrated  model,  including  anaerobic  decay,  would  persist  for  the  duration  of  the 
simulation.  This  is  the  most  optimistic  scenario,  suggesting  that  the  plume  would  migrate 
a  maximum  of  750  feet  before  BTEX  concentrations  would  be  removed  within  1.5  years. 
Model  ELMB  assumed  that  the  coefficient  of  anaerobic  decay  was  reduced  by  one-half. 
Results  of  this  model  suggest  that  the  plume  will  migrate  approximately  1 ,750  feet  beyond 
the  June  1994  plume  margin  before  natural  attenuation  mechanisms  effectively  halt 
migration  and  shrink  the  plume.  ELMB  predicts  dissipation  of  the  BTEX  plume  in  slightly 
more  than  3  years.  Model  ELMC  was  run  to  illustrate  conditions  produced  by  a 
continuous  source  of  dissolved  BTEX  compounds.  In  this  case,  the  plume  migrated  no 
more  than  750  feet  beyond  the  June  1994  plume  limit  before  slowly  retreating  back  to  the 
source  area  within  5  years.  After  5  years  of  simulation  time,  BTEX  contamination  was 
confined  to  the  source  area. 

Actual  dissolved  BTEX  degradation  rates  observed  during  LTM  at  the  site  will  probably 
be  less  than  predicted  by  models  ELMA  and  ELMC,  and  greater  than  predicted  by  model 
ELMB,  This  will  result  in  a  shorter  plume  migration  distance  than  predicted  by  model 
ELMB.  The  main  uncertainty  inherent  in  the  model  simulations  run  for  this  site  is  the  lack 
of  a  well-defined  source  area  and  the  resulting  lack  of  data  regarding  contaminant  mass 
loading  into  the  aquifer.  However,  model  ELMC  predicts  that  biodegradation  mechanisms 
operating  at  the  site  should  be  quite  effective  in  preventing  migration  of  dissolved  BTEX 
compounds  introduced  by  dissolution  within  a  source  area,  particularly  after  the  existing 
plume  diminishes. 
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The  results  of  this  study  suggest  that  natural  attenuation  of  BTEX  compounds  is 
occurring  at  the  Hangar  10  site  to  the  extent  that  the  dissolved  concentrations  of  these 
compounds  in  ground  water  should  be  reduced  to  levels  below  current  regulatory 
guidelines  long  before  potential  downgradient  receptors  could  be  adversely  affected  (i.e., 
the  potential  contaminant  migration  pathway  will  not  be  complete  for  any  of  the  potential 
receptors  described  in  Section  6.2).  Based  on  the  distance  to  potential  downgradient 
receptors  (at  least  2,000  feet)  and  rates  of  BTEX  plume  migration  and  degradation 
predicted  by  models  ELMA,  ELMB,  and  ELMC,  Parsons  ES  is  recommending  intrinsic 
remediation,  institutional  controls,  and  LTM  as  the  remedial  option  for  BTEX-impacted 
ground  water  near  Hangar  10.  Construction  activities  in  the  plume  area  and  ground  water 
use  in  and  downgradient  from  the  plume  area  should  be  restricted  for  a  period  of 
approximately  10  years. 

To  verify  the  results  of  the  Bioplume  II  modeling  effort,  and  to  ensure  that  natural 
attenuation  is  occurring  at  rates  sufficient  to  protect  potential  downgradient  receptors, 
ground  water  from  existing  monitoring  wells  OU4W-2,  OU4W-4,  ESMW-7A,  and 
OU4W-12  should  be  sampled  semiannually  and  analyzed  for  the  parameters  listed  in  Table 
7.1.  In  addition,  three  POC  ground  water  monitoring  wells  should  be  installed 
downgradient  from  the  predicted  maximum  travel  distance  of  the  BTEX  plume  and 
sampled  semiannually  for  the  parameters  listed  in  Table  7.2.  Figure  7.1  shows  suggested 
locations  for  the  three  new  POC  monitoring  wells.  These  wells  should  be  sampled 
semiannually  for  10  years.  If  dissolved  BTEX  concentrations  in  ground  water  in  the  POC 
wells  are  found  to  exceed  federal  MCLs  of  5  pg/L  for  benzene,  1,000  pg/L  for  toluene, 
700  pg/L  for  ethylbenzene,  or  10,000  pg/L  for  total  xylenes,  additional  evaluation  or 
corrective  action  may  be  necessary  at  this  site. 
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34-35 
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PID(pp 

8.9 

B.8 

3  4 
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10.14  , 
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11,15 

16.24 
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!  13.24 
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12,10 

14.10 
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11,8 

12.15 
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10.11 
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21 

14 
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11.17 

25 

Cru.-fl  1  of  2 

cy  il’/da _ 

6/ 1 1/94 _ 

byy _ _ 

MOSTLY  SUNNY 


BZ  roiAL 


NOTES 


SAMPLE  TYPE 


bos  - 

Below  Ground  Surface 

D  -  DRIVE 

GS  - 

Ground  Surface 

C  -  CORE 

TOC  - 

NS  - 

Top  of  Casing 

Not  Sampled 

G  -  GRAB 

SAA  - 

Same  As  Above 

▼  Water  level 

BZ  - 

Breathing  Zone 
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RiC  TYPE:  _  qaTE  CM‘0 

[IRLG  MFTHOn  HOUO/V  SIEM^UOER  EltVAIlON: 
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DRLG  FLUiD  JYTiNI _ W;  AThER: 


^..1 

6/  '794 


Geologic  Description 


Sample  Jsample  Penet  (32"  TOAi  I  ILi- 

No  Deptfi  (ll)i  type  Res  PlD(ppm)  PlO(ppin)  BIEXIpui- '  ' 

.  t'-'  T  r  t- 


QP  GRAVEL  with  fine  to  mediurn  sand.  Troce  ol  silt. 
Unstrat'fied,  dry  ic  loose. 

SAA  Mo'e  sand  &  occasional  cobbles. 


SAA  increased  sand. 


SAA,  Mo^’e  cobbles. 


SAA  Sand  >s  medium  to  coarse 


SAA  Mois*  to  wet. 


SAA  w/mealum  to  coorse  sond.  Loose.  Kfloist. 
Ui^stroti^ied. 


Saturated  at  25  ft  bgs 


No  more  samples. 


Ilotol  depth  at  30' 


2-4 
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6-8 

8-10 

10-12 

12-14 

14-16 

16-18 

16-20 

20-22 

22-24 

24-26 

26-28 

28-30 

30-32 

4.5  t.3 

8.11 


8.11  I  t  . 
11.14  r 


12,17  1  3 

14.14  - 

5.9  1.3 

12.13  - - 

4.9  1.3 
10.10 

11.14  1.3 

14.14 

5.10  13 
10.9 


12.10  13 
15,19 


NOTES 


SAMPLE  TYPE 


bqs  - 

Below  Ground  Surface 

D  - 

DRIVE 

1  " 

Ground  Surface 

C  - 

CORE 

1  TOC  - 

Top  of  Casing 

G  - 
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i  NS  - 

Not  Sampled 

i  SAA  - 

Same  As  Above 

▼  Water 

level 

j  BZ  - 

Breathing  Zone 
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GEOt  OGiS  i 

coM[N  rs. 


:ON  INAG  !UR:  OK;!  i  :nG _ 


'  0^;  G  -n^oo^w^  O';  -'  ■oer 

!!.Wf\:;GR;  A!d  goring  DIA  :  »  ikChES 

_ qrLG  fluid  '^QNE _ 

PID  BACKGROUND  -  2.7  ppm  _ 


TEMP: 

weather 


_6y'l4^yA 

6/ 14/54 

A'lA.  V 

60  F 


lOepOhTPro-  US 

i  V'O  I  Tie  __Cl^ 


GeologiL'  Deicrlption 


3ro#n.  gravelly  SAND  with  pebbles  Sc  cobb'es. 
Subangulof  to  suO^ounded  grains. 


'SAA,  h/  increos'ng  amo-ntg  ot  coDb'es  ana  pebties 


jSAA  w/ingreaseO  onqu‘arity, 

iSonay  GRAVEL  w/saDQngL.lQf  pebO'es  Sc  cobbles. 
;  Upper  1  toot  is  rnoisi. 


!  Gravelly  SASO  w/increosed  cobbles 
i  ‘/oisf  lor^e  at  too  M", 


Sonay,  coarse  CRAvEl.  Sortie  peoples  o"id  cobb'es 
present  Moist  to  wet  ot  bottor^' 


Sample  i: 
No,  Depth  (ti)i 


0!' pe:  i’ene!  i  j  T 

iy;.;:  !  Pes  iFDiPpmjkvfppr)'; 


total  TPH 


I  12-14 


j  SAA  w/decreased  cobbles,  Wet  18-20 

Soturated  at  20,5  ft  bgs.  ~ 

SAA  w/decreosed  fine  groins  at  wotertobie.  Pebbles  &  20-22 

cobbles  present. 

CroveMy  SAND  with  cobbles  at  6"  to  18"  22-24 

Subongular  to  suBrounded 


Slack  orgonic  matter  at  25  ft  bgs. 


r  ■  r" 
I  I 


c  r  ^Tin 
0 

K  1  11.11  -7  7 


N  _ 

'  16.18  I 

M - U-T- 

18.20 _ 

0  20.2'  fTy 

S  -r^ 


I  hb-!8  i 


D  2.6  ,  4  2  7 

p  _ n 

6."  1,4 

I  17.18 - 

V  lO.U  1.4 

^  16.16 

_  ^  192  5  I 


jCrey.  sandy  GRAVEL,  Subang'^ior  to  subroor^ded  grams. 


|SAA  w/mcreosed  cobbles. 


NOTES 

-  Below  Ground  Surface 

-  Ground  Si^rface 

-  Top  of  Casing 

-  Not  Sampled 

-  Sam, 9  As  Above 
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Denver.  Coioraao 


BORING  NO. 
CLIENT: 

JOB  NO.: 
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GEOLOGIST: 
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rSMW-TB _ 

AFCEE _ 
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ELMENDORF  AEB 

MS/KC _ 

PIP  BACKGROUND 


GEOLOGIC  BORING  LOG 

CON  TRAC  lOR  hughes  DR.lLiNC _  qa  TE  SPL'D 

__RIG  TYPE:  CML-25 _ qATE  CMPL. 

__drlg  method-  hollow  stem  auger  ELFJVATION: 

_  BORING  DIA.:  8  inches  . _ TEMP: 

_DRLG  ELUID:  NONE, _ _ _ WfATHER: 

=  1 .4  DOm 


Sheet  2  of  2 


b/l 4/94 


60  F 
CLEAR 


Elev 

(ft) 

Depth 

(ft) 

Pro¬ 

file 

US 

cs 

GP 

O  0 

SP 

Geologic  Description 


Sample  TSampic  Penel 


BZ  fOtAL  I  IPH 


Few  pebbles  present. 


Total  depth  at  42' 


No.  Depth  (It)  Type  Res  Pll)(ppm)  PID(ppm)  BIEX(ppm) 


NOTES 


SAMPLE  TYPE 


bgs  - 

Below  Ground  Surface 

D  - 

DRIVE 

GS  - 

Ground  Surface 

C  - 

CORE 

TOC  - 

Top  of  Casing 

G  - 

GRAB 

NS  - 

Not  Sampled 

SAA  - 

Same  As  Above 

▼  Water 

level 

BZ  - 

Breathing  Zone 

:n01  55, 

02/26/94  at  tO:  52 

GEOLOGIC  BORING  LOG 


ESMW-3B 

Intrinsic  Remediation  Demonstration 
Elmendorf  Air  Force  Base.  Alaska 

ENGINEERING-SCIENCE,  INC 

Denver.  Colorado 


i 


i 


€ 


f 


« 


< 


f 


« 


4 


i 


4 


GEOLOGIC  BORING  LOG 


Sheet  1  of  2 


ESMW-4B 

CONTRACTOR;  HUGHES 

DRILLING 

DATE  SPUD- 

CLIFNT; 

AFCEE 

RIG  TYPE;  CMF  75 

DAFF  CMPL.: 

JOB  NO,: 

722450.07 

..DRIG  METHOD:  HOLLOW_ 

STEM  AUGER 

ELEVATION: 

LOCATION; 

ELMENOORF  AFB 

BORING  DIA  :  8  INCHES 

TEMP; 

GEOLOGIST- 

MS/KO 

DRLG  FLUID:  NONE 

WEATHER: 

COMMENTS; 

PID  BACKGROUND 

=  2.3  Dom 

6/U/94 

6/13/94 

■\>7  r 

60  F 

PTLY  CLOUDY 


GEOLOGIC  BORING  LOG 


NOTES 

bgs  -  Below  Ground  Surface 
GS  -  Ground  Surface 

TOC  -  Top  of  Cosing 

NS  -  Not  Sampled 

SAA  -  Same  As  Above 

SAMPLE  TYPE 

D  -  DRIVE 

C  -  CORE 

G  -  GRAB 

1 

ESMW-4B 

Intrinsic  Remediation  Demonstration 
Elmendorf  Air  Force  Base.  Alaska 

▼  Water  le-i/e!  drilled 

ENGINEERING-SCIENCE, INC.  ! 

BZ  -  Breathing  Zone 

1 

Denver.  Colorado  ' 

94DN0155.  02/2B/94  at  10  52 


I 


» 


» 


» 


I 


» 


» 


» 


» 


«  • 


•  • 


Sheet  2  of  2 


GEOLOGIC  BORING  LOG 


RORIMH  Nin  ^  f:SMW-4B _ CONTRACTOR.  HUGHES  DRILLING 

CLIENT:  AFCEE _ RIG  TYPE:  CMF  75 _ 

JOB  NO.:  722450.07 _ DRLG  METHOD-  HOLLOW  STEM  AUGER 

LOC.ATION:  El  MENOORF  AFB  RORiMn  D!A.;  8  INCHES _ 

GEOLOGIST:  MS/KC _ DRLG  FLUID:  -NONE _ 

COMMENTS:  PID  BACKGROUND  =  2.3  ppm _ _ 


DATE  SPUD: 
DATE  CMPL.: 
ELEVATION: 
TEMP. 
WEATHER; 


b/1 3/94 
6/13/94 

60_  F _ 

PTLY  CLOUDY 


NOTES 

bgs  -  Below  Ground  Surface 

SAMPLE  TYPE 

D  -  DRIVE 

GEOLOGIC  BORING  LOG 

GS  -  Ground  Surface 

C  -  CORE 

ESMW-4B 

TOC  -  Top  of  Casing 

NS  -  Not  Sampled 

G  -  GRAB 

Intrinsic  Remediation  Demonstration 
Elmendorf  Air  Force  Base,  Alaska 

SAA  -  Same  As  Above 

▼  Water  level  drilled 

ENGINEERING-SCIENCE,  INC . 

BZ  -  Breathing  Zone 

Denver,  Colorado 

94DN0155,  02/28/94  at  10:52 


GEOLOGIC  BORING  LOG 


BORING  NO.:  ESMvV  -bB 


CLIENT: 

JOB  NO.: 
LOCA  TiON 
GEOLOGIST: 
COMMENTS. 


AFCEL 

722450.07 

ELMENOOirr 

MS/KC 


.CONTRACTOR:  HUbHLb  DRILLING  DATE  SPUD: 

.RIG  TYPE:  CME__75 _ _  DATE  CMPL. 

.DRLG  METHOD  HOLLOW  STEM  AUGER  ELEVATION: 

.BORING  DiA.:  8  iNCriES _  TEMP: 

.DRLG  FLUID:  -NONE _  WEATHER: 


PID  BACKGROUND  =  1.3 


Pro¬ 

file 

US 

cs 

ML 

SP 

CH 

Geologic  Description 


Brown  SILT  w/cloy.  Trace  of  fine  sand.  Massive 
Dense.  Occosionoi  grovei 


SAA  w/more  fine-  to  medium -groined  sand  Moist. 


SAA.  «/occasionol  plant  frogments 


Silty  fine-  to  coorse-groined  SAND  w/grovel. 


SAND.  Trace  of  day. 

"Blue-grey  CLAY  w/silt 
Possibly  Bootlegger  Cove  Tormotion 

Sandy  gravel.  Sond  is  fine-  to  coorse-groined  w/ 
occosionoi  cobbles.  Subrounded  to  subongulor  groins 
Bottom  12"  saturated 


SAA  w/occagionol  wood  frogment  present. 


J  Total  depth  at  J1'. 


Sample 

No.  Depth  (It) 

2-4 

4-6 

6-8 

8-10 

10-12 

12-14 

14-16 

16-18 

18-20 

20-22 

22-24 

24-26 

26-28 

28-30 

30-32 

32-34 

Sticct  1  of  1 

_6/11j/94 _ 

6/16/94  _ 

IffiL-zIZ 

60  F _ 

CLOUDY  _ 


BZ  lOIAL  TPH 


C 

0  — 

^  7.7 

N  4,5  1,3 

T  ii_:z 

I 

N  1,1  ,j 

U  Z _ 

0  1.3 

I  ;  '7.13 


5,9  1.3 

13 

6.8  1.3 

12 

5.7  1.3 

10 


NOTES 


SAMPLE  TYPE 


bgs  - 

Below  Ground  Surfoce 

D  - 

DRIVE 

GS  - 

Ground  Surface 

C  - 

CORE 

TOC  - 

Top  of  Casing 

G  - 

GRAB 

NS  - 

Not  Sampled 

SAA  - 

Same  As  Above 

▼  Water 

level 

BZ  - 

Breathing  Zone 

GEOLOGIC  BORING  LOG 


ESMW-5B 

Intrinsic  Remediation  Demonstration 
Elmendorf  Air  Force  Base.  Alaska 

ENGINEERING-SCIENCE,  INC 

Denver.  Colorado 


94DN0155,  02/2B/94  at  10:52 


GEOLOGIC  BORING  LOG 


BORING  NO  ■  b'SMW-6B _ CON 

CLIENT:  AFCF^ _ RIG 

JOB  NO.:  722450.07 _ DRL 

LOCATION:  ElMENDORF  AFB  RQR 

'TOLOGIST:  MS/KC _ DRL 

COMMENTS:  PID  BACKGROUND  =  1.3 


.CONTRACTOR:  hughls  DKH  ling  qaTE  SPUD 

.RIG  TYPE:  CME  75  _  CATE  P‘,'P|  . 

.DRLG  MFTHOn-  HOLLOW  STEM  AUGER  ELEVATION. 

.BORING  DIA.:  8  INCHES _ TEMP: 

.DRLG  FLUID:  -NQM _  WEATHER: 


HUGHES  DRULINC; 
CME  75 


Sheet  1  1 

6/15/94 _ 

b/lb/94 _ 

-3 _ 

60  E _ 

CLEAR _ 


_oo _ Oil 

- 1  - 


Rli 

t 


Pro¬ 

file 

US 

cs 

s 

1  1 

CH 

sw 

1  1 

CH 

SP 

TTT 

CH 

0  0  O  00 
9  0  0  0  0 

O  0  0  o  o 
>0000 
00000 
>0000 
00000 
>0000 
00000 
>oooo 
0  0  0  00 
>oooo 
ooooo 
>0000 
ooooo 
>oooo 
ooooo 
>  0  e  0  0 
ooooo 
)0000< 
0  0  0  e  e 
}0000< 
ooooo 
>0000 
ooooo 

>OOQO« 

ooooo 

>0000< 

ooooo 

>oooo 

ooooo 

>aooo< 

ooooo 

>0000< 

GP 

SP 

CH 

Geologic  Description 


Irown.  weathered  sandy  LOAM  «v/pet>bies. 


ISAA.  w/increosed  cobbles. 


Grey,  moist  CLAY.  Hiqh  plasticity. 

Brown,  well  groded.  subrounded  SANO  w/pebbles 
Grey.  moiSt  CLAY 

Brown,  gravelly  SANO  w/pebbies  and  silt.  Moist 
Sandy  CLAY  w/silt  and  pebbles  Highly  piostic 


Well  sorted,  subrounded  to  subongulo'  SAND. 
Black  orongic  rnatter  ot  25  5'  bgs 

SAA  w/tncreased  GRAVEL.  Black  orgonic  motter 
present- 

Well  sorted,  subrounded,  coarse  groin  SAND. 
Grey,  dense,  highly  piostic  CLAY.  Bootlegger 
Cove  Formation 


Total  depth  ot  32‘. 


Sample 

No.  Depth  (ft) 

2'4 

4-6 

6-3 

B-10 

10-12 

12-14 

14-16 

16-18 

18-20 

20-22 

22-24 

24-26 

26-28 

28-30 

30-32 

0  f: 
N  T 


2.2  13 


5.6  ^  ^ 

4.4 


N  -77-71 - 

u 

0  11.16  -li - 

u  — - 

_  19.15  13  _ 

S  _ 

4.0  1.3  1,. 

D  - 

6.10  1  '3 


V  — 
E 


8.11  1  3 

2 


NOTES 


SAMPLE  TYPE 


bgs  — 

Below  Ground  Surface 

D  -  DRIVE 

GS  - 

Ground  Surface 

C  -  CORE 

TOC  - 

NS  - 

Top  of  Casing 

Not  Sampled 

G  -  GRAB 

SAA  - 

Some  As  Above 

▼  Woter  level 

BZ  - 

Breathing  Zone 

94DN0155.  02/28/94  at  10:52 


GEOLOGIC  BORING  LOG 


ESMW-6B 

Intrinsic  Remediation  Demons'! at lO" 
Elmendorf  Air  Force  Base,  Alaska 

EWGiNEERING-SCIEWCE,  INC. 

Denver.  Colorado 


GEOLOGIC  BORING  LOG 


Sheet  1  ot 


RORINin  MO  -  ESMW-7B _ CONTRACTOR;  HUGHES  DRILLING  QATF  SPUD  6/16/94 

CLIENT;  ATCEE _ RIG  TYPE;  CME^S _  DATE  CMPL.:  _ 

JOB  NO.:  722450.07 _ f)RI  C  METHOD-  hollOW  STEM  AUGER  Fl  EVATION- 

LOCATION;  ELMENDORE  AFB  RORINC,  DiA.;  8  INCHES _  TEMP:  _COOLER 

GEOLOGIST;  MS/KC _ DRLG  FLUID;  NONE _  WEATHER;  OyERCASQ 

COMMENTS:  PID  BACKGROUND  =  1.3  ppm _ 


[lev  Deptli 

CO  (It) 


Pro-  US 
tile  CS 


Geologic  Description 


on  Brown,  gravelly  SAND.  Medium  to  coorse  groins. 
Cobbles  present  Dry 


•«  GP  Sandy  CRAVEl  w/increasmg  cobbles 
*<  SuDrounded  to  subonguior  sond  groins. 

jS  SAA  w/incfeas«d  GRAVEL  at  water  toOie. 


SAA  w/block  organic  molter  at  28' 


Brown,  medium  to  coarse  groin  SANO  w/some  growel- 
Subrounded  grains.  Well  sorted  from  30.5-31.5’. 

Block  orgonic  matenoi  at  31'. 

-  Total  depth  at  33' 


Sample  j 

No. 

Depth  (ft) 

2-4 

4-6 

6-B 

8-10 

10-12 

12-14 

14-16 

16-18 

18-20 

20-22 

22-24 

24-26 

26-28 

28-30 

30-32 

32-34 

BZ  tOlAi 


6.’ 3  _1J_ 

c  _ 

^'0  1  j 

LJ  10.15 

^  9,10  1.5 

y  12,13 

I  7,12  13 

'  13,14 

^  8,13  1.3 

U  _ 

0  1-^ 

13.14 

Q  9,17  ^ 

b  20.21 

20,26  1  3 

D  — — 

„  '2.12  1.3 

K  u 


V  - 

E 


NOTES 


SAMPLE  TYPE 


bgs  - 

Below  Ground  Surface 

D  -  DRIVE 

GS  - 

Ground  Surface 

C  -  CORE 

TOC  - 

NS  - 

Top  of  Casing 

Not  Sannpled 

G  -  GRAB 

SAA  - 

Same  As  Above 

▼  Water  level 

BZ  - 

Breathing  Zone 

GEOLOGIC  BORING  LOG 


ESMW-7B 

Intrinsic  Remediation  Demonstration 
Elmendorf  Air  Force  Base.  Alaska 

ENGINEERING-SCIENCE,  INC . 

Denver.  Colorado 


94DN0155,  02/28/94  at  10:52 


MONITORING  WELL  INSTALLATION  RECORD 

JOB  NAME  ELMENDORF  AIR  FORCE  BASE _ _ WELL  NUMBER 

JOB  NUMBER  722450.07 _ INSTALLATION  DATE  _ LOCATION  HANGAR  10 


OATUM  ELEVATION 


GROUND  SURFACE  ELEVATION 


4)  DATUM  FOR  WATER  LEVEL  MEASUREMENT 


SCREEN  DIAMETER  &  MATERIAL  2‘  SCH  4Q  P.VC 
RISER  DIAMETER  k  MATERIAL  SQH  40.  PVC, . 
GRANULAR  BACKFILL  MATERIAL  _ 


SLOT  SIZE  QiP1— 


DRILLING  METHOD  HOaOW  STEM  AUGER 


BOREHOLE  DIAMETER  8  INCHES 
ES  REPRESENTATIVE  M$/KC 
DRILLING  CONTRACTOR 


CAP 


^mjL  PROTECTOR 


GROUND  SURFACE 


•bOCRABlX  C0S€R<^f[ust^ 


THREADED  COUPUNG 


DEPTH  ro 


STICK  UP: 


d).S' 


LENGTH  OF  SpUD 
RISER:  _ 


DEPTH  TO  TOP  OFTOWER 
GRANULAR  MATERIALT^ 


LENGTH  OF 
SCREEN:  _X. 


SCREEN  SLOT 

gZE:-g><e/^.- 


□  BENTONITE  arUijs,- 


s<fe. 


TOTAL  DEPTH 
OF  MONITORING 
WELL-  ■  _ 


LENGTH  OF  B^niLED^ 
BOREHOLE:  ^  ig  f 
BACKFIOED  WTH:-^>(^  “sW- 


GRANULAR  BACKRUr- 
C.euAdT^'hL^ 


(NOT  TO  SCALE) 


STABiUZED  WATER  LEVEL 
BaOW  DATUM. 

MEASURE  ON _ 


FEET 


RQURE  B.4.2 


MONITORING  WELL 
INSTALLATION  RECORD 


InWntIc  RnwctoMon  Protocol 

EWOINBERINO«aCIBNCE,  INC. 
Dmivw.  Colorado 


(* 


940N0199.  03/01/94  at  10:22 


JOB  NAME  ELMENDORF  AIR  FORCE  BASE _ 

JOB  NUMBER  722450.07 _ INSTALLATION  DATE 

DATUM  ELEVATION  _ 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  _ 

SCREEN  DIAMETER  k  MATERIAL  2‘  SCH  .40  PVC _ 

RISER  DIAMETER  k  MATERIAL  2*  SCH  4Q-PyC _ 

GRANULAR  BACKFILL  MATERIAL  _ 

DRILUNG  METHOD  HQLLOW  ?TEM  AUGER _ 


-  A  I _ WELL  NUMBER 

_ LOCATION  hangar  10 

GROUND  SURFACE  ELEVATION _ 

_ SLOT  SIZE  _QiOl! _ 

_ BOREHOLE  DIAMETER  8  INCHES 

_ ES  REPRESENTATIVE  MS/KC _ 

_ DRILUNG  CONTRACTOR 


-VEKTEP  CAP 

WELL  PROTECTOR 
OUNO  SURFACE 


THREADED  COUPUNG 


COeKADLfi.COVCR 


STICK  UP; 


r 


LENGTH  OF  SOLID 


HilA5 


SOUD  RISER 


TOTAL  DEPTH 
OF  MONITORING 
WELL-  _ 


DEPTH  TO  TOP  OF 
BENTONITE  SEALjt-'^  . 

DEPTH  TO  TOP  OF  LOWER  -V 
GRANULAR  MATERIAL?^ 


SCREEN 

I  I  BENTONITE 

GRANULAR  BACKFILL 

I<D-ZjO 


(NOT  TO  SCALE) 


LENGTH  OF  < 
SCREEN:  3 

SCREEN  SLOT, 
gZE: 


LENGTH  OF  BACKRiLED 
BOREHOLE:  _ _ 

BACKFILLED  WITH:  _ 


HGURE  B.4.2 


STABIUZED  WATER  LEVEL 
BaOW  DATUM. 

MEASURED  ON _ 


94DN0199.  OJ/01/94  at  10:22 


MONITORING  WELL 
INSTALLATION  RECORD 


lntrln>lc  R«nw<totfon  Protocol 

BWCINBERIWO«aCIEMCe,  ItiC. 
Oanwar,  Colorado 


JOB  NAME  ELMENDORF  AIR  FORCE  BASE _ 

JOB  NUMBER  722450.07 _ INSTALLATION  DATE 

OATUM  ELEVATION  _ 

JATUM  FOR  WATER  LEVEL  MEASUREMENT _ 

SCREEN  DIAMETER  Ic  MATERIAL  2*  SCK-IQ-PM^ _ 

RISER  DIAMETER  k  MATERIAL  2"  SQH  4P  PyC _ 

GRANULAR  BACKFILL  MATERIAL  _ £5 

DRILLING  METHOD  HOLLOW  STEM  AUGER _ 


_ _ ^LL  NUMBER 

iTE  ^7(fi _ LOCATION  HANCAR  10 

_ GROUND  SURFACE  ELEVATION  _ _ 

_ SLOT  SIZE  -O  or _ 

_ BOREHOLE  DIAMETER  8  INCHES _ 

ES  REPRESENTATIVE  MS/KC _ 

_ DRILLING  CONTRACTOR  _ 


veil  PROTECTOR 
GROUND  SURFACE^ 


LOCKABLE  COVER 

STICK  UP: 


Gvi4<i^  _ 


THREADED  COUPUNG 


SOUD  RISER 


DEPTH  TO  TOP  OF 
BENTONITE  S£AL/t? 

DEPTH  TO  TOP  OF  LOWER 
GRANULAR  MATERIAL  I  % 


SCREEN 


^  GROUT 

□  BENTONITE  CHlP5 
GRANULAR  BACKRLL 


(NOT  TO  SCALE) 


LENGTH  OF  SpUD 
RISER:  _ 


TOTAL  DEPTH 
OF  MONITORING 
VCLL-  -^Z- 


LENGTH  OF  r 
SCREEN: 

SCREEN  SLOT 
SIZE: 

LENGTH  OF  BACKRUED 
BOREHOLE:  €> 

BACKRLLED  WTH:  _II 


RGURE  B.4.2 


STABIUZED  WATER  LEVEL 
BELOW  DATUM. 

MEASURED  ON  _ 


MONITORING  WELL 
INSTALLATION  RECORD 


lntrln»te  RmxteHon  Protocol 
ENOINEERINO«aCIENCE,  INC. 
D«nv«r.  Colorado 


940N0199.  03/01/94  at  10:22 


i 


MONITORING  WELL  INSTALLATION  RECORD 


JOB  NAME  ELMENDORF  AIR  FORCE  BASE _ 

JOB  NUMBER  722450.07 _ INSTALLATION  DATE 

DATUM  ELEVATION  _ 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  _ 

SCREEN  DIAMETER  &  MATERIAL  2*  SCH  40  PVC _ 

RISER  DIAMETER  k  MATERIAL  2"  SCH  40  PVC _ 

GRANULAR  BACKFILL  MATERIAL  _ 

DRILLING  METHOD  HOLLOW  STEM  AUGER _ 


_ j _ i _  WELL  NUMBER  C  ^  ^ 

(oli'-d _ LOCATION  hangar  10 

GROUND  SURFACE  ELEVATION _ 

_ SLOT  SIZE  O-Ql! _ 

_ BOREHOLE  DIAMETER  -8  INCHES _ 

_ ES  REPRESENTATIVE  MS/KC _ 

_ DRILUNG  CONTRACTOR 


I  .,1  J  VCTI  lEJ  > 

V€LL  PROTECTOR  -v 
GROUND  SURFACE y 


LOCKABLE  COVER 


STICK  UP; 


f-rvc 


THREADED  COUPUNG 


SOUD  RISER 


DEPTH  TO  TOP  OF 
BENTONITE  SEAL  [d 

DEPTH  TO  TOP  OF  LOUVER 
GRANULAR  MATERIAL  /S' 


SCREEN 


GROUT 

BENTONITE 


23  GRANULAR  BACKRUL 


(NOT  TO  SCALE) 


LENGTH  OF  SOUD 
RISER;  _ 


TOTAL  DEPTH 
OF  MONITORING 
WELL- 


LENGTH  OF 
SCREEN:  _ 

SCREEN  SLOT,, 

SITE:  _ 

LENGTH  OF  BACKRlLED 
BOREHOLE;  _ n" 

BACKRIiED  WITH: 


RGURE  B.4.2 


STABIUZED  WATER  LEVEL 
BaOW  DATUM. 

MEASURED  ON  _ 


MONITORING  WELL 
INSTALLATION  RECORD 


Intrinrtc  R«m»dl«tlon  Protocol 
EWCIWEERIWC-SCIEWCE,  INC. 
D«nv*r.  Colorado 


94DN0199.  03/01/94  at  10:22 


MONITORING  WELL  INSTALLATION  RECORD 

JOB  NAME  _ELMEND0RF  AIR  FORCE  BASE _ rt _  WELL  NUMBER 

JOB  NUMBER  722450.0_7 _ INSTALLATION  DATE  -laj-tlfy _ LOCATION  HANGAR  10 

DATUM  ELEVATION  _ GROUND  SURFACE  ELEVATION  _ _ 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  _  _ _ 

SCREEN  DIAMETER  tc  MATERIAL  2*  SCH-40  PVC _ SLOT  SIZE  -Q-Of _ 

RISER  DIAMETER  k  MATERIAL  2*  SCH  40  PVC _ BOREHOLE  DIAMETER  8  INCHES _ 

GRANULAR  BACKFILL  MATERIAL  _ ES  REPRESENTATIVE  MS/KC _ 

DRILLING  METHOD  HOLLOW  STEM  AUGER _ DRILUNG  CONTRACTOR 


-WEH*  PROTECTOR 
GROUND  SURFACE -7  , 


LOCKABLE  COVER 


THREADED  COUPUNG 


STICK  UP: 


Aj<c4t?tke(?r 


LENGTH  OF  SOUD 
RISER; 


SOUD  RISER 
DEPTH  Ue4lVV-7< 


DEPTH  TO  TOP  OF 
BENTONITE  SEAL-W 

DEPTH  TO  TOP  OF  LOWER 
GRANULAR  MATERIAL^^ 


TOTAL  DEPTH 
OF  MONITORING 
^LL:  S7 _ 


SCREEN 


GROUT 


□  BENTONITE 
131  granular  BACKRLL 


LENGTH  OF^ 

SCREEN:  5 

SCREEN  aOT  ,, 

SZE:-<^ 

LENGTH  OF  BACKFILLED 
BOREHOLE:  _ 

BACKRLLED  WTH:  _m 


(NOT  TO  SCALE) 


STA8IUZED  WATER  LEVEL 
BELOW  DATUM. 

MEASURED  ON  _ 


940N0?99,  03/01/94  at  10:22 


RGURE  B.4.2 


MONITORING  WELL 
INSTALLATION  RECORD 


Intrinrtc  Rwnwdlatlon  Protocol 

ENCIWEERINC«SCIENCE,  INC. 
D«nv«r.  Colorado 


MONITORING  WELL  INSTALLATION  RECORD 

JOB  NAME  ELMENDORF  AIR  FORCE  BASE _ w _ WELL  NUMBER 

JOB  NUMBER  722450.07 _ INSTALLATION  DATE  _ LOCATION  HANGAR  10  _ 

DATUM  ELEVATION  _ GROUND  SURFACE  ELEVATION _ 

JATUM  FOR  WATER  LEVEL  MEASUREMENT _ 

SCREEN  DIAMETER  &  MATERIAL  2"  SCH  4<3  P.VC _ SLOT  SIZE  Q-Q^* _ 

RISER  DIAMETER  k  MATERIAL  2*  SCH  40  PVC _ BOREHOLE  DIAMETER  8  INQHE? _ 

GRANULAR  BACKFILL  MATERIAL _ _ _ ES  REPRESENTATIVE  M^KC _ _ 

DRILLING  METHOD  HOLLOW  STEM  AUGER _ DRILUNG  CONTRACTOR  _ 


VENTED  CAP 

_  4r  PROTECTOR 
GROUND  SURFACE - 


bOOCASLE  COVER 


STICK  UP; 


LENGTH  OF  SOUD 
RISER: 


DEPTH<TO/tOP 

Wv 

DEPTH  TO  TOP  OF 
BENTONITE  SEAL 

DEPTH  TO  TOP  OF  LOWER 

GRANULAR  MATERIAL  )S'  S 


LENGTH  OF  < 
SCREEN:  _ 


SCREEN  SLOT 
SIZE:  -t.OKp 


I  I  BENTONITE 

PI  GRANULAR  BACKRLL  , 


TOTAL  DEPTH 
OF  MONITORING 

l«LJU  Z^. _ 


LENGTH  OF  BACKRLLED 
BOREHOLE:  _ ^ 

BACKRLLED  WTH:  _ 


(NOT  TO  SCALE) 


STABIUZED  WATER  LEVEL 
BaOW  DATUM. 

MEASURED  ON  _ 


FEET 


FIGURE  B.4.2 


MONITORING  WELL 
INSTALLATION  RECORD 


intrlnrtc  Riwdlatlon  Protocol 
ENCINEEHINO-SCIENCE,  INC. 
D«nv«r.  Colorado 


94DN0199.  03/01/94  at  10:22 


MONITORING  WELL  INSTALLATION  RECORD 
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Ref:  94-DK14/vg 
July  21,  1994 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 


THRU: 


S.A. 


Vandegrift 


Dear  Don: 


This  report  contains  the  results  of  my  GC/MSD  analysis  of 
methylene  chloride  core  extracts  from  Elmendorf  AFB  for 
quantitation  of  benzene,  toluene,  ethylbenzene  (EB) ,  p-Xylene,  m- 
Xylene,  o-Xylene,  1, 3, 5-trimethyibenzene  (1,3,5-TMB),  1,2,4- 
trimethylbenzene  (1,2,4-TMB)  and  1,2, 3-trimethylbenzene  (1,2,3- 
TMB)  performed  under  Service  Request  #SF-0-65. 

The  analytical  method  was  a  modification  of  RSKSOP-124. 

Cool  (38*C)  on-column  injection  (0.5  /xl)  was  used  with  electronic 
pressure  control  (EPC)  set  for  a  constant  flow  of  0.9  ml/min.  A 
30M  X  0.25  mm  Restek  Stabilwax  (Crossbonded  Carbowax-PEG,  0.5  ^m 
film)  capillary  GC  column  with  1  foot  long  X  0.53  mm  ID  uncoated 
capillary  precolumn  was  used.  Quantitation  was  based  on 
calibration  curves  of  a  single  target  ion  for  each  compound  with 
the  addition  of  up  to  two  qualifier  ions  recorded  to  verify 
chromatographic  separation  or  purity.  The  ions  chosen  were  those 
listed  in  EPA  method  524.2  Revision  3.0.  Standards  calibration 
ranged  from  0.01  to  10  liq/ml.  A  complete  report  detailing  the 
acquisition  method  and  calibration  has  been  recorded.  The 
samples  were  extracted  by  Mark  Blankenship  on  June  15,  1994  and 
were  analyzed  for  fuel  carbon  (GC/FID)  by  Randy  Callaway.  This 
GC/MSD  data  was  acquired  July  13-14,  1994. 


If  I  can  be  of  further  assistance,  please  feel  free  to 
contact  me. 


Sincerely, 

David  A.  Kovacs 


xc:  R.L.  Cosby 
J.L.  Seeley 
G.  Smith  ° 
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Ref:  94-PR68/rc 

94-MW63/rc 
94-TH66/rc 

June  14,  1994 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
Post  Office  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift 

Dear  Don: 


Attached  are  the  results  of  2  sets  of  Elmendorf  AFB  samples 
submitted  to  ManTech  Environmental  as  part  of  Service  Request  #  RE- 
0-65.  The  samples  were  received  on  June  9  and  10  and  analyzed  June 
9  and  13.  The  methods  used  for  analysis  were  EPA  methods  120.1  and 
353.1,  and  Water's  Capillary  Electrophoresis  Method  N-601.  Blanks, 
spikes,  duplicates  and  known  AQC  samples  were  analyzed  along  with 
the  samples  for  quality  assurance. 

If  you  have  any  questions  concerning  these  results,  please 
feel  free  to  contact  us. 
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AQCWP031 

42.5 

93.0 

.50 

— 

True  Value 

42.0 

92.0 

.52 

— 

Spike  Recovery 

97% 

104% 

100% 

— 

Rep  -  field  duplicates 
Dup  -  analytical  duplicates 
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Ref:  94-LB4 

June  29,  1994 


Dr.  Don  Keunpbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74821-1198 


Dear  Don: 


Please  find  attached  the  analytical  results  for  Service 
Request  SF-0-65  for  the  analysis  of  aqueous  saunples  from  Elmendorf 
AFB  to  be  analyzed  for  BTEXXX  &  TMBs.  A  total  of  53  Saunples  were 
received  in  duplicate  in  capped,  40  mL  VOA  vials  between  the  dates 
of  June  17-27,  1994.  All  samples  were  stored  at  4*0  until  analyzed 
and  were  acquired  and  processed  using  the  MAXIMA  data  system.  A  4 
point  (1-500  ppb)  external  calibration  curve  was  used  to  determine 
compound  concentration . 

At  your  request  sample  "OU4W-3"  was  analyzed  for  Vinyl 
Chloride,  1,1-DCE,  trans-  &  cis-DCE,  and  TCE.  A  3  point  (1-100 
ppb)  external  standard  curve  was  used  for  this  analysis. 

RSKSOP-133  "Simultaneous  Analysis  of  Aromatics  and  Total  Fuel 
Carbon  by  Dual  Column-Dual  Detector  for  Ground  Water  Samples"  and 
RSKSOP-146  "Automated  Purge  and  Trap/GC  Analysis  of  Vinyl  Chloride 
and  other  Volatile  Chlorocarbons  in  Aqueous  Seuaples  Containing 
Particulates"  were  used  for  these  analyses. 


Sincerely, 

Lisa  R.  Black 


xc: 


R.L. Cosby 
J.L.  Seeley 
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ELMENDORF  AIR  FORCE  BASE  -  ALASKA 
FIELD  DATA 
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,  ELMENDORF  AIR  FORCE  BASE  -  ALASKA 

II  FIELD  DATA 

Sample  # 

Date 

Redox 

Cond 

pH 

Total 

alk 

mg/1 

CaCOj 

Ferrous 

iron 

mg/1 

Hydrogen 
solf  ide 
mg/1 

46WL01 

6-07-94 

-24 

432 

6.3 

150 

9.1 

<.l 

46WL02 

6-07-94 

102 

190 

6.1 

61 

2.1 

— 

46WL03 

6-07-94 

119 

340 

6.7 

108 

<.05 

— 

MW37A 

6-07-94 

104 

114 

7.1 

50 

<.05 

— 

MW37B 

6-07-94 

-25 

388 

7.4 

170 

<.05 

<.l 

ST41-29 

6-07-94 

10 

232 

6.1 

92 

.7 

<.l 

ST41-W8 

6-07-94 

20 

402 

6.9 

49 

<.05 

— 

ST41-W7 

6-07-94 

115 

880 

7.5 

388 

<.05 

— 

ST41-25 

6-07-94 

-53 

1224 

6.8 

460 

10.5 

<.l 

ST41-21 

6-08-94 

258 

755 

6.3 

150 

<.05 

< .  1 

ST41-15 

6-08-94 

15 

961 

6.8 

375 

1.0 

— 

•ST41-16 

6-08-94 

-30 

2170 

6.6 

1210 

40.5 

— 

ST41-18 

6-08-94 

110 

647 

6.4 

223 

<.05 

<.l 

ST41-2 

6-08-94 

121 

1039 

6.7 

554 

<.05 

— 

W-19 

6-08-94 

165 

876 

7.0 

347 

<.05 

— 

W-18 

6-08-94 

-120 

902 

7.0 

467 

4.3 

<.l 

OU4W-2 

6-08-94 

33 

683 

7.2 

326 

<.05 

— 

i 


ELMENDORF  AIR  FORCE  BASE 
FIELD  DATA 


ALASKA 


Sample 

Date 

Redox 

Cond 

pH 

■ 

ST41ES7A 

6-11-94 

-10 

661 

6.5 

ST41ES7B 

6-11-94 

47 

499 

6.5 

ST41ES8A 

6-11-94 

-12 

340 

6.5 

ST41ES8B 

6-11-94 

-12 

348 

7.6 

ST41ES6A 

6-11-94 

105 

124 

6.6 

S'T'nESGB 

6-11-94 

42 

213 

7.8 

6-11-94 

46 

449 

7. "9 

ESMWIA 

6-11-94 

152 

632 

6.4 

ESMW18 

6-11-94 

-20 

876 

6.9 

Ferrous 

iron 

mg/l 
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Ref:  94-PR77/vg 

July  1,  1994 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
Post  Office  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift  $ 

Dear  Don: 


Attached  are  the  results  of  11  Elmendorf  AFB  samples  submitted 
to  ManTech  as  part  of  S.R.  #SF-0-65.  The  samples  were  received  on 
June  24  and  27  and  analyzed  June  27,  28,  and  29,  1994.  The  methods 
used  for  analysis  were  EPA  Methods  120.1,  310.1,  and  353.1  and 
Water's  capillary  electrophoresis  method  N-601.  Quality  assurance 
measures  performed  on  this  set  of  samples  included  spikes, 
duplicates,  known  AQC  samples  and  blanks. 


If  you  have  any  questions  concerning  these  results  please  feel 
free  to  contact  me. 


Sincerely, 


Priscilla  Rhynes 


xc: 


R.L.  Cosby 
J.L.  Seeley 
M.  Cook 


ManTech  Environmental  Reseaidi  Seivioes  Coiponlion 


R.S.  Kerr  Environmental  Research  Labonuxy,  PO  Boa  1198. 919  Ken  Research  Drive 
Ada.  Oklahoma  74821- 1 198  405^36-8660  FAX  405-436-8501 


9. 


mg/l 

mg/l 

mg/l 

Total 

Samole 

KO\+KO\(V) 

Cl’ 

Cond. 

Alkalinity 

ES  MW  02 

9.10 

3.14 

21.3 

865 

365 

ES  MW  3A 

7.64 

8.04 

2.12 

817 

386 

ES  MW  3B 

1.13 

5.64 

8.14 

793 

385 

ES  MW  3B  Dup 

1.09 

5.79 

8.28 

ES  MW  4A 

9.98 

3.09 

26.7 

388 

115 

ES  MW  4B 

.24 

2.74 

27.7 

272 

93.9 

ES  MW  5A 

4 . 58 

4.26 

15.0 

558 

230 

ES  MW  5B 

.68 

1.72 

22.5 

312 

114 

ES  MW  6A 

49.2 

5.36 

17.3 

1140 

368 

ES  MW  6B 

.  60 

6.89 

4.32 

780 

380 

ES  MW  7A 

3 . 08 

4 . 69 

4.47 

799 

393 

ES  MW  7A  Dup 

3.02 

800 

393 

ES  MW  7B 

.23 

4.82 

8.78 

827 

406 

Blanks 

<.05 

<.05 

<.05 

^  _ 

___ 

AQCWP031 

.  54 

40.7 

89.1 

—  *  . 

True  Value 

.  52 

41.2 

92.0 

»  *  ^ 

Spike  Rec. 

96% 

97% 

95% 

— 

i 


% 


f 


i 


» 


» 
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Ref:  94-BN36/vg 

July  5,  1994 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift ^ 

Dear  Don: 

Find  attached  results  for  methane  on  Elmendorf  AFB  samples  as 
per  Service  Request  #SF-0-65.  Samples  were  received  on  June  9,  10, 
14,  24,  and  27,  1994  and  analyzed  on  June  13,  16,  and  29,  1994. 
Samples  were  prepared  as  described  in  the  paper  "Dissolved  Oxygen 
and  Methane  in  Water  by  a  GC  Headspace  Equilibration  Technique",  by 
Kampbell  et  al . ,  in  International  Journal  of  Environmental 
Analytical  Chemistry.  Volume  36,  pp. 249-257.  Analysis  and 
calculations  were  performed  as  per  RSKSOP-147. 

If  you  have  any  questions,  please  feel  free  to  see  me. 


Sincerely, 

Bryan  Newell 


R.L.  Cosby 
J.L.  Seeley 


ManTech  Entiranmenul  Research  StrvicsCoipaniian 

R.S.  Kerr  Environmenial  Research  Laboraiory.  PO  Box  1 198, 919  Kerr  Research  Driw 
Ada.  Oklahoma  79821- 1 198  909-436-8660  FAX905-93M%I 


SF-0-65  DATA 


ANALYZED  6/13/94 


SAMPLE 

METHANE 

LAB  BLANK 

BLO 

ST41-01 

BLQ 

ST41-02 

0.008 

ST41-07 

0.054 

ST41-W7 

0.489 

*  FIELD  DUP 

0.503 

ST41-W8 

BLQ 

ST41-15 

0.001 

ST41-16 

0.046 

ST41-18 

0.040 

ST41-21 

0.003 

ST41-25 

0.922 

ST41-29 

0.044 

MW37A 

BLQ 

MW37B 

0.002 

OU4W-2 

0.008 

OU4W-4 

0.993 

OU4W-5 

0.001 

W-18 

6.020 

W-19 

0.004 

-  LAB  DUP 

0.003 

46WL01 

0.519 

46WL02 

BLQ 

46WL03 

0.001 

ANALYZED  6/16/94 


SAMPLE 

METHANE 

LAB  BLANK 

BLQ 

OU4W-1 

4.079 

•FIELD  DUP 

4.774 

OU4W-3 

0.136 

W-9 

0.002 

OU4W-10 

BLQ 

ESMW-1A 

2.373 

ESMW-1B 

8.500 

ST41-ES1 

0.004 

ST41-ES2 

1.481 

ST41-ES3 

0.002 

ST41-ES4A 

0.001 

ST41-ES4B 

0.051 

ST41-ES5A 

BLQ 

ST41-ES5B 

0.052 

^1 


» 


v5/ 


»  • 


» 
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SF-0-65  DATA 


I 


SAMPLE  METHANE 


ST41-ES6A 

BLQ 

ST41-ES6B 

0.006 

ST41-ES7A 

1.553 

ST41-ES7B 

0.194 

'  LAB  DUP 

0.180 

ST41-ES8A 

0.811 

ST41-ES8B 

0.007 

SP7/10-02 

0.001 

•FIELD  DUP 

0.001 

ANALYZED  6/29/94 

SAMPLE 

METHANE 

LAB  BLANK 

BLQ 

ESMW2 

BLQ 

ESMW3A 

0.063 

ESMW3B 

0.192 

ESMW4A 

BLQ 

ESMW4B 

0.063 

ESMW5A 

BLQ 

ESMW5B 

0.133 

ESMW6A 

BLQ 

ESMW6B 

0.344 

ESMW7A 

0.002 

ESMW7B 

0.008 

•  LAB  DUP 

0.007 

STANDARDS 

METHANE 

10  PPM  CH4 

9.57 

100  PPM  CH4 

103.54 

1060  PPM  CH4 

999.65 

1  %  CH4 

1.04 

4  %  CH4 

3.81 

10%CH4 

10.07 

I 


» 


» 


» 


» 


LOWER  UMIT  OF  OUANTUATION 
0.001 


ND  DENOTES  NONE  DETECTED. 

8LQ  DENOTES  BELOW  UMfT  OF  QUANTITATION. 


Page  2 


UNITS  FOR  SAMPLES  ARE  mgA_ 

UNITS  FOR  STANDARDS  CX)RRESPOND  TO  THE  UNITS 
IN  THE  SAMPLE  COLUMN. 
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Ref:  94-RC25/vg 

July  7,  1994 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift 

Dear  Don: 


Attached  is  a  report  of  the  data -generated  from  the  analyses 
of  24  sample  core  extracts  from  Elmendorf  AFB,  AK.  The  extracts, 
which  were  submitted  under  Service  Request  #SF-0-65,  were  analyzed 
for  total  fuel  content  as  JP-4  jet  fuel  only.  The  reported  values 
for  fuel  carbon  were  computed  from  the  JP-4  determinations.  I  have 
also  attached  a  report  of  the  quality  control  analyses  that  were 
performed  concurrently  with  the  sample  analyses. 

Data  quantification,  peak  identification,  component 
f  concentration  calculations,  and  dilution  factor  corrections  were 
performed  with  MAXIMA  chromatography  software.  JP-4  data  was 
quantified  with  a  7-point  external  standard  calibration  curve 
ranging  from  50-50,000  ng/Ml. 

The  Minimum  Quantifiable  Limit  of  JP-4  in  these  samples  is 
14.79  M9/9-  Please  refer  to  ManTech  report  letter  93-RC19/vg, 
dated  October  29,  1993,  for  a  detailed  explanation  of  the 

calculations  used  to  arrive  at  this  value. 


Sample  extracts  were  received  June  16  and  27,  1994.  Analyses 
were  started  June  16,  1994  and  completed  June  28,  1994.  Sample 
extracts  and  quality  control  samples  were  analyzed  according  to 
RSKSOP-72,  Rev.  #1,  excepting  the  modifications  listed  in  the 
attached  outline. 


Sinoftrely, 


Rqndy  oillaway 


xc:  R.L. 
J.L. 


Cosby 

Seeley 


ManTech  Environmental  Research  Services  Carporation 


R5  Kerr  Environmental  Research  laboratory,  P.O  Box  1 198^  919  Kerr  Research  Drive 
Ala.OUahoma7482l-ll98  M5-436B660  FAX 405-436-8501 
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I.  HP5890  GC  -  OPERATING  CONDITIONS 

A.  Instrument  Control 

1.  Analyses:  "EGLIN  AFB" 

2.  Program:  "RWC-ASIO" 

3.  Calikration:  ''BTEX-13JUN94" 

B.  Temperature  Program 

1.  Initial  Temp  &  Time:  10‘C  for  3.00  min 

2.  Level  1:  Rate  =  4*C/min  to  70*C,  Final  Time  =  0.00 

3.  Level  2:  Rate  =  1.0*C/min  to  75 ‘C,  Final  Time  =  0.00 

4.  Level  3:  Rate  =  10*C/roin  to  290 ‘C,  Final  Time  =  15.50 

5.  Run  Time:  60.00  min 

6.  Oven  Equilibration  Time:  1.00  min 

C.  Miscellaneous 

1.  Peak  Width:  0.02 

2.  Attenuation:  2''5 

3.  Chart  Speed:  0.50 

4 .  Threshold  =  0 

5.  Offset  =  10% 

II.  MAXIMA  PEAK  INTEGRATION 

A.  Peak  Detection  Parameters 

1.  Baseline  Points:  18 

2.  Filter  Window  (in  points):  9 

3.  Intg.  Sensitivity  (coarse):  10.50  /iV/sec 

4.  Intg.  Sensitivity  (fine):  5.00  /xV/sec 

5.  Skim  Ratio:  100.00 

B.  Peak  Rejection  Criteria 

1.  Minimum  Area:  2000  (iV-sec 

2.  Minimum  Height:  300.0  nV 

3.  Minimum  Width:  3.00  sec 

C.  Integration  Events 


1. 

0.00: 

Disable  Peak 

Skimming 

2. 

0.00: 

Disable  Peak 

Detection 

3  . 

7.00: 

Enable  Peak  Detection 

4  . 

21.97: 

Set  Baseline 

5. 

27.13: 

Set  Baseline 

6. 

32.30: 

Set  Baseline 

7. 

36.80: 

Set  Baseline 

8. 

39.59: 

Set  Baseline 

9. 

41.52: 

Set  Baseline 

III.  MAXIMA  DATA  ACQUISITION 

A.  Preacquisition  Delay:  7.00  min 

B.  Duration:  43.00  min 

C.  Rate:  3.00  points/sec 

D.  Run  Time:  50.00  min 

IV.  MAXIMA  CALIBRATION  CURVES 
A.  JP-4 

1.  Calibration  Range  =  50  -  50,000  ng//xl 

2.  Summation  of  all  peaks  detected  from  7.00  -  50.00 

minutes 


i 


» 


» 


» 


» 
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Ref:  94-MB9/rc 

July  7,  1994 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
Post  Office  Box  1198 
Ada,  OK  74820  n 


THRU:  S.A.  Vandegrif t^^V 


Dear  Don: 


The  fuel  carbon  extractions  of  the  Elmendorf  core  samples,  as 
requested  by  Service  Request  SF-0-65,  have  been  completed.  The 
samples  were  placed  on  a  wrist  action  shaker  for  30  minutes  and 
sonicated  approximately  2  minutes  prior  to  the  extraction 
procedure.  A  total  of  24  samples  and  2  method  blanks  were 
delivered  to  Randy  Callaway  June  27,  1994  for  GC  analysis. 

Please  find  attached  a  copy  of  the  %  moisture  determinations 
from  my  lab  book. 


If  you  have  any  questions,  please  contact  me  at  your 
convenience. 


xc: 


R.L. 

J.L. 


Cosby 

Seeley 


Sincerely, 


Mark  Blankenship 


ManTech  Envitonmenul  ResoiUi  Services  Corporalion 


KS  Kerr  Environmental  Research  Laboratory,  PO  Box  1198. 919  Kerr  Roeaich  Drive 
Ada,  Oklahoma  7«21- 1198  A05-436-8660  FAX  <05-436.8501 
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ELMENDORF  AIR  FORCE  BASE 
FIELD  DATA 


-  ALASKA 


Sample  # 


46WL01 


46WL02 


46WL03 


MW37A 


MW37B 


ST41-29 


ST41-W8 


ST41-W7 


ST41-25 


ST41-21 


ST41-15 


ST41-18 


ST41-2 


W-19 


W-18 


OU4W-2 


Date 

Redox 

Cond 

6-07-94 

-24 

432 

6-07-94 

102 

190 

6-07-94 

119 

340 

6-07-94 

104 

114 

6-07-94 

-25 

388 

6-07-94 

10 

232 

6-07-94 

20 

402 

6-07-94 

115 

880 

6-07-94 

-53 

1224 

6-08-94 

258 

755 

6-08-94 

15 

961 

6-08-94 

-30 

2170 

6-08-94 

110 

647 

6-08-94 

121 

1039 

6-08-94 

165 

876 

6-08-94 

-120 

902 

6-08-94 

33 

683 

150 


61 


108 


50 


170 


92 


49 


388 


460 


150 


375 


1210 


223 


554 


347 


467 


326 


Ferrous 

Hydrogen 

iron 

s\)lf  ide 

mg /I 

mg/1 

<•05 


<.05 


<  .05 


<.05 


<.05 


10.5 


<.05 


1.0 


40.5 


<.05 


<.05 


<.05 


4.3 


<.05 


ELMENDORF  AIR  FORCE  BASE  -  ALASKA 
FIELD  DATA 


Sample  # 

ST41-01 

ST41-07 

OU4W-4 

OU4W-5 

OU4W-3 

OU4W-10 

0U4W-1 

SP7/10-02 

W-9 _ 

ST41ES4A 

ST41ES4B 

ST41ES5A 

ST41ES5B 

ST41ES1 

ST41ES2 


Date 

Redox 

Cond 

6-09-94 

— 

954 

6-09-94 

— 

702 

6-09-94 

-80 

733 

6-09-94 

60 

662 

6-09-94 

-20 

834 

6-09-94 

20 

544 

6-09-94 

-39 

1013 

6-09-94 

40 

790 

6-09-94 

123 

812 

6-10-94 

168 

214 

6-10-94 

20 

660 

6-10-94 

126 

109 

6-10-94 

91 

280 

6-10-94 

110 

1060 

6-10-94 

11 

747 

Ferrous 

iron 

mg/1 


<•05 


.2 


.6 


<■05 


.4 


-3 


2.9 


<-05 


<.05 


<.05 


<.05 


<.05 


<.05 


3.6 


ELMENDORF  AIR  FORCE  BASE  -  ALASKA 
FIELD  DATA 


Sample 

Date 

Redox 

Cond 

ST41ES7A 

6-11-94 

-10 

661 

ST41ES7B 

6-11-94 

47 

499 

ST41ES8A 

6-11-94 

-12 

340 

ST41ES8B 

6-11-94 

-12 

348 

ST41ES6A 

6-11-94 

105 

124 

ST41ES6B 

6-11-94 

42 

213 

ST41ES3 

6-11-94 

46 

449 

ESMWIA 

6-11-94 

152 

632 

ESMW18 

6-11-94 

-20 

876 

MAWi 

TECHti 


Ref:  94-LP46/vg 

July  18,  1994 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift 

Dear  Don: 

Attached  are  TOC  results  for  a  set  of  18  soils  from  Elmendorf 
AFB  submitted  to  ManTech  Environmental  June  15,  1994  as  a  part  of 
Service  Request  #SF-0-65  Mod.  1.  The  samples  were  stored  at  6'C 
until  analyses  were  begun  June  30  using  RSKSOP-120. 

A  Leco  standard  soil  was  analyzed  along  with  your  samples  for 
quality  control. 

If  you  have  any  questions  concerning  this  data,  please  feel 
free  to  contact  me. 

Sincerely, 

Lynda  Pennington 

xc:  R.L.  Cosby 

J . L.  Seeley  ^ 


ManTech  Environmental  Reseaich  Sendees  Cotponlion 


Ri  Kerr  Environmental  Resean:h  Laboiatoot  P.O.  Box  1198, 919  Kerr  Research  Drive 
Ada.OMahama7^I-ll98  405-436-8660  FAX 405-4368501 


TECHmimm 


Ref:  94-LP38/lin 

June  17,  1994 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrif t  ^ 

Dear  Don: 

Attached  are  TOC  results  for  44  liquid  samples  from  Elmendorf 
AFB  submitted  to  ManTech  as  a  part  of  Service  Request  #  SF-0-65 
Mod.  1.  Dates  of  sample  receipt  and  analysis  are  included  with 
sample  data  on  the  following  pages. 

Blanks,  duplicates,  and  known  AQC  samples  were  analyzed  along 
with  your  samples  for  quality  control. 

If  you  have  any  questions  concerning  this  data,  p  ase  feel 
free  to  ask  me. 


i  • 


Sincerely, 


Lynda  Pennington  ^ 


xc:  R.L.  Cosby  . 
J.L.  Seeley 


ManTech  Enviranmental  Reseaidi  Services  Corporation 


R.S.  Kerr  Environmental  Reseamh  Laborator)i  PO.  Box  1 198. 919  Kerr  Research  Drive 
Ada. Oklahoma 74821-1198  405-43^^  FAX4(M3^%I 


•  I 


Samples  Received: 

06/09/94 

Samples  Analyzed: 

06/10/94 

mg/L 

» 

Samole 

TOC 

46  WL  01 

15.2 

46  WL  02 

3.7 

46  WL  03 

2.8 

• 

ST  41-15 

6.4 

ST  41-16 

109 

ST  41-W7 

4.6 

ST  41-W7  (FD) 

4.8 

ST  41-W8 

1.8 

ST  41-21 

8.8 

• 

ST  41-21  (LD) 

8.8 

ST  41-25 

24.4 

ST  41-29 

8.5 

ST  41-18 

11.4 

MW  37  A 

0.5 

MW  37  B 

2.4 

• 

MW  37  B  (LD) 

2.5 

Millipore  HjO 

<0. 1 

WP031  I 

28.3 

28.5 

WP031  I  T.V. 

28.0 

• 

Samples  Received: 

06/10/94 

Samples  Analyzed: 

06/10/94 

mg/L 

i 

Seunole 

TOC 

OU  4W-2 

1.1 

OU  4W-4 

2.0 

OU  4W-5 

1.6 

• 

ST41-01 

2.9 

ST41-02 

13.7 

ST41-02  (LD) 

13.6 

ST41-07 

7.2 

W-18 

1.6 

W-19 

1.3 

• 

Millipore 

<.01 

WP031  I 

27.5 

WP031  I  T.V. 

28.0 

ManTech  Envifonmenul  Roeaidi  ServwB  Co»porJto)n 


» 


•  • 


S2Lfflples  Received 
Samples  Analyzed 


06/14/94 

06/17/94 


/ 


Note:  The  samples  were  analyzed  for  dissolved  gases  by  Bryan 

Newell  prior  to  TOC  analysis  resulting  in  a  3-day  delay 
between  sample  receipt  and  analysis. 


SzUDDle 

mg/L 

TOC 

OU  4W-1 

4.6 

OU  4W-1  (FD) 

2.4 

OU  4W-3 

1.3 

W-9 

1.6 

OU  4W-10 

1.8 

ES-MW-IA 

2.3 

ES-MW-IB 

4.1 

ST41-ES-1 

7.3 

ST41-ES-2 

7.6 

ST41-ES-3 

3.5 

ST41-ES-3  (LD) 

3.5 

ST41-ES-4A 

19.1 

ST41-ES-4B 

13.1 

ST41-ES-5A 

2.0 

ST41-ES-5B 

4.8 

ST41-ES-6A 

3.3 

ST41-ES-6B 

3.1 

ST41-ES-7A 

38.1 

ST41-ES-7B 

11.2 

ST41-ES-8A 

6.8 

ST41-ES-8B 

3.6 

SP7/10-02 

1.2 

SP7/10-02  (LD) 

1.2 

SP7/10-02  (FD) 

1.1 

Millipore  H^O 

0.1 

WP031  I 

27.6 

WP031  I 

27.3 

WP031  I  T.V. 

28.0 

» 


» 


i  • 


i 


i 


FD  =  Field  Duplicate 


LD  =  Lab  Duplicate  TV  -  True  Value 


ManTedi  Enviroranoiul  Research  Setvioes  Coipofahon 


» 
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Ref:  94-PR69/rc 

94-TH67/rc 

June  15,  1994 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
Post  Office  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift  ^ 

Dear  Don: 

Attached  are  the  results  of  21  Elmendorf  AFB  samples  submitted 
to  ManTech  Environmental  as  part  of  Service  Request  #  SF-0-65.  The 
samples  were  received  on  June  15  and  analyzed  June  15  and  16.  The 
methods  used  for  analysis  were  EPA  methods  120.1  and  353.1,  and 
Water's  Capillary  Electrophoresis  Method  N-601.  Blanks,  spikes, 
duplicates  and  known  AQC  samples  were  analyzed  along  with  the 
samples  for  quality  assurance. 

If  you  have  any  questions  concerning  these  results,  please 
feel  free  to  contact  us. 


xc:  R.L.  Cosby 

J.L.  Seeley 


ManTech  Environmenial  Research  ServKsCorporalion 


R.S.  Kerr  Environmental  Research  Labocalory,  PO  Boa  1 198, 919  Ketr  Research  Drive 
Ada.  Oklahoma  74821-1198  405-43^660  FAX  405-436-8501 


mg/1 

mg/1 

mg/1 

Samole 

Cl~ 

SO^^~ 

NO',+NO‘,(N) 

conductivity 

W-9 

15.5 

3 . 58 

15.5 

752 

OU4W-1 

8.87 

3.39 

9.04 

908 

OU4W-3 

3.48 

5.02 

15.4 

751 

OU4W-10 

3.04 

4 . 49 

8 . 27 

495 

ES-MWIA 

.  13 

5.14 

15.7 

571 

ES-MWIB 

.07 

5.49 

<.5 

770 

ST41-ES1 

.80 

21.4 

61.4 

965 

ST41-ES2 

.10 

59.3 

13.1 

686 

ST41-ES2  Dup 

679 

ST41-ES3 

.17 

28.2 

31.1 

422 

ST41-ES4A 

.  11 

8.45 

4.72 

196 

STR1-ES4A  Dup 

.  12 

ST41-ES4B 

.07 

50.3 

12.2 

593 

ST41-ES5A 

.  18 

4 . 18 

2.07 

101 

ST41-ES5B 

.  14 

8 .23 

9.97 

259 

ST41-6A 

.28 

.71 

3.44 

112 

ST41-6A  Dup 

.63 

3.51 

ST41-ES6B 

.  12 

1.34 

5.40 

198 

ST41-ES7A 

.  06 

10.3 

•  3.10 

568 

ST41-ES7A  Dup 

.06 

ST41-ES7B 

.  06 

27.8 

5.38 

450 

ST41-ES8A 

.23 

3.00 

8.28 

303 

ST41-ES8A  Dup 

301 

ST41-ES8B 

.08 

3.38 

7.21 

306 

SP7/10-02 

25.6 

18.6 

15.1 

742 

SP7/10-02  Dup 

18.6 

15.1 

4B 

50.3 

12.0 

*** 

604 

Blanks 

<.05 

<.05 

<.05 

AQCWP031 

10.9 

40.8 

91.6 

— 

True  Value 

11.0 

40.2 

92.0 

— 

Spike  Recovery 

100% 

99% 

103% 

— 

***  No  sample 
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Voladlc  Faity  Acids  Analyses 

Analytical  reports  have  recently  been  received  by  me  for  water  sample  analyses  by 
GC/MS  for  phenols  and  ahphatic/aromatic  acids  collected  at  air  force  bases  during  the  June- 
September  1994  period.  Standard  mixtures  used  contained  13  phenols,  25  aliphatic  acids,  and  19 
aromatic  acids.  These  components  arc  frequently  associated  with  microbial  process  breakdown 
products  of  petroleum  fuel  hydrocarbons.  Dc'ection  limit  of  the  analytical  method  used  was  five 
parts  per  bilHoiL 

•  Hill  AFB  -  Sample  82J,  82D,  and  820 

Forty  three  of  the  57  standard  solution  compounds  were  found  in  sample  82J.  Fewer 
compounds  were  detected  in  82D  and  820,  but  benzoic  acid  was  a  dominant  component  in  all 
three  samples. 

•  Elmendorf  ABF  -  Sample  OU40W-3,  ST4I-16.  ST41.25 

Sample  ST41-16  contained  43  of  the  57  compounds  present  in  the  standard  phenol/acid 
mixture.  Chromatogram  for  SET-16  and  SET-25  were  similar  while  OUT-3  had  fewer 
detectable  components.  Benzoic  acid  was  the  dominate  compound  in  all  three  samples.  The 
analyses  showed  that  aromatic  adds  were  present  at  highest  relative  levels  foUowcd  by  lower 
amoimts  of  aliphatic  and  alkcnyl/cycloalkylcarboxylic  acids  and  phenols. 
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The  assumptions  used  for  determining  longitudinal  dispersivity  are; 


A.  Plume  migration  is  sufficiently  aligned  along  the  longitudinal  axis  of  the  grid  that  a  longitudinal 
moment  may  be  calculated. 

B.  Longitudinal  dispersivity  is  l/IO  of  the  distance  from  the  source  of  contamination  to  the  center  of 
contamination. 


From  the  June  1993  BTEX  plume  map,  an  estimate  for  the  center  of  mass  will  be  taken  by  calculating  the 
longitudinal  moment  around  cell  10,8  which  is  near  the  suspected  source  of  contamination.  Mass  is 
computed  by  summing  the  concentration  of  contamination  in  all  cells  in  that  row.  Because  all  cells  have 
equal  volume,  the  concentration  at  a  cell  will  be  directly  proportional  to  the  mass  of  BTEX  in  the  cell. 


Distance  From 

Mass  X  Dist. 

Row 

Mass 

cell/ 10.8) 

From  Ceim 0.8) 

9 

25,700 

200 

5,140,000 

10 

20,350 

400 

8,140,000 

11 

12,100 

600 

7,260,000 

12 

5,300 

800 

4,240,000 

13 

1,600 

1,000 

1,600,000 

14 

700 

1,200 

840,000 

15 

300 

1,400 

420,000 

Total 

66,050 

27,640,000 

The  estimated  longitudinal  centroid  of  the  plume  is; 

27,640,000/66,050  =  418.5  ft  (from  the  center  of  cell  10,8) 

The  estimated  distance  between  the  source  of  contamination  and  the  longitudinal  center  of  mass  is; 

418.5  ft 

From  assumption  B,  the  estimated  longitudinal  dispersivity  is  1/10  of  the  distance  between  the  source  of 
contamination  and  the  longitudinal  center  of  mass  and  is: 

Estimated  Long.  Dispersivity  =  418.5  x  0.1  =  41.85  or  42  ft. 
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ENGINEERING-SCIENCE,  INC. 


RMS  Error  Calculations  for  Calibrated  Flow  Model 
Hangar  10  Site,  Elmendorf  AFB 


Measured  Head  Simulated  Head 


H„,-H, 

(H„,-H 

159.66 

159.88 

-0.22 

0.05 

159.25 

159.75 

-0.50 

0.25 

159.48 

159.26 

0.22 

0.05 

159.76 

159.57 

0.19 

0.04 

158.75 

158.77 

-0.02 

0.00 

158.37 

158.07 

0.30 

0.09 

157.92 

157.60 

0.32 

0.10 

156.71 

156.06 

0.65 

0.42 

156.05 

155.15 

0.90 

0.81 

155.05 

154.58 

0.47 

0.22 

155.42 

154.54 

0.88 

0.77 

154.72 

154.16 

0.56 

0.31 

154.14 

154.11 

0.03 

0.00 

Sum  of  Squares  of  Remainders  3.12 

Average  of  Squares  of  Remainders  0.24 

RMS  0.49 

RMS  as  a  percentage  of  the  head  drop 

over  the  model  domain:  4. 1 9% 
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MODEL  INPUT  AND  OUTPUT  FILES 
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COMMENTS  AND  RESPONSES 


PARSONS  ENGINEERING  SCIENCE,  INC. 

1 700  Bro,if)w>\¥  Suilo  9(X)  •  Dofivor.  Colorado  80290  •  (303)  831  8100  •  Fax  (303)  831-8208 


January  6,  1995 


Mr  Jerry  Hansen 
AFCEE/EST 
8001  Arnold  Drive 
Brooks  AFB,  TX  78235-5357 

Subject:  Response  to  Comments  on  the  “Intrinsic  Remediation  Engineering 

Evaluation/Cost  Analysis  for  the  Hangar  10  Site”  Elmendorf  AFB,  Alaska 

Dear  Mr.  Hansen: 

Parsons  Engineering  Science,  Inc.  (Parsons  ES,  formerly  Engineering-Science,  Inc  )  is  pleased 
to  submit  this  letter  in  response  to  several  sets  of  comments.  This  letter  addresses  comments  from 
Sharon  Stone  of  Elmendorf  AFB  dated  30  November  1994,  comments  from  Louis  Howard  of  the 
Alaska  Department  of  Environmental  Conservation  (ADEC)  dated  30  November  1994,  comments 
from  Marcia  Combes  of  the  United  States  Environmental  Protection  Agency  (USEPA),  Region 
10  dated  16  November  1994,  and  comments  from  Daniel  Kraft  of  Booz- Allen  &  Hamilton,  Inc. 
dated  21  November  1994.  Attachment  A  contains  a  copy  of  the  original  comments  from  these 
individuals. 


» 


I.  Response  to  comments  by  Sharon  Stone,  Elmendorf  AFB 
General  Comments:  ^ 

1)  The  final  copy  of  this  deliverable  will  be  double-sided  and  printed  on  recycled  paper. 

2)  Agree.  The  revised  document  will  be  called  a  “Treatability  Study  in  Support  of  Intrinsic 

Remediation  for  the  Hangar  10  Site.”  9 

3)  The  terms  “intrinsic  remediation”  and  “natural  attenuation”  do  have  different  (but  related) 
meanings.  Intrinsic  remediation  is  a  risk  management  strategy  that  relies  on  natural 
attenuation  mechanisms  to  control  exposure  to  risks  associated  with  contaminants  in  the 
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subsurface  Natural  attenuation  refers  to  the  processes  (e  g  ,  sorption,  dispersion, 
volatilization,  and  biodegradation)  that  bring  about  intrinsic  remediation  These  terms  will  be 
defined  at  the  beginning  of  the  report  and  will  be  used  in  the  proper  context  throughout  the 
document 

4)  The  report  (Radian,  1994b)  for  the  basewide  ground  water  model  was  examined, 
however,  the  modeling  conducted  under  the  intrinsic  remediation  demonstration  was  site- 
specific.  Therefore,  information  contained  in  the  Radian  (1994b)  modeling  report  was  not 
directly  used.  Site-specific  data  for  Hangar  10  collected  during  the  field  effort  (or 
documented  in  other  reports)  was  considered  to  be  more  applicable  for  this  study.  However, 
site-specific  model  input  parameters  were  checked  against  model  input  parameters  used  for 
the  basewide  model. 

Our  scope  of  work  included  the  use  of  the  Bioplume  II  model  to  simulate  transport  of 
benzene,  toluene,  ethylbenzene,  and  the  xylenes  (BTEX)  under  the  influence  of  advection, 
dispersion,  sorption,  and  biodegradation.  Bioplume  II  is  fundamentally  different  from  the 
SALT  code  used  for  the  basewide  model,  requiring  different  assumptions  and  a  site-specific 
model  setup.  Bioplume  II  is  a  two-dimensional  finite-difference  model  with  a  limited  and 
more  simplistic  grid  configuration,  while  the  SALT  code  used  for  the  basewide  model  is  a 
three-dimensional  finite-element  model  that  allows  more  sophisticated  grid  configurations. 
Most  importantly,  the  Bioplume  II  model  allows  simulation  of  oxygen-limited  biodegradation 
[using  site-specific  dissolved  oxygen  (DO)  data]  and  simulation  of  anaerobic  decay  based  on 
a  user-defined  coefficient  that  is  calculated  from  site  data.  In  this  respect.  Bioplume  II  is 
more  sophisticated  that  the  SALT  code. 

Because  of  these  fundamental  differences,  and  because  our  model  was  site-specific,  model 
assumptions  and  parameters  were  necessarily  different.  For  example,  parameters  governing 
transport,  such  as  the  TOC  content  of  the  soil  or  the  dispersion  coefficient,  were  based  on  or 
calculated  from  site-specific  data.  In  addition,  the  initial  hydraulic  conductivity  estimated  for 
the  model  was  based  on  data  from  a  pumping  test  that  was  performed  within  the 
downgradient  portion  of  the  Bioplume  11  model  domain.  This  estimate  was  within  the  upper 
range  of  hydraulic  conductivity  values  used  in  the  basewide  model. 

The  Black  and  Veatch  report  (1990)  was  only  used  for  qualitative  information  on  the  site. 
The  only  data  collected  by  Black  and  Veatch  that  affected  model  input  were  the  pumping  test 
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data  However,  the  hydraulic  conductivity  estimates  based  on  that  test  were  actually  derived 
from  reanalysis  of  that  data  by  Radian  (1994a). 

5)  The  e.xplanation  offered  by  Ms  Stone  for  the  increased  BTEX  concentrations  at  OU4W- 
1,  OU4W-2,  and  OU4W-5  (plus  W-18)  is  the  most  plausible.  It  will  be  mentioned  in  the  text 
that  BTEX  concentrations  in  these  wells  likely  increased  due  to  spreading  of  the  plume.  It 
will  also  be  noted  that  BTEX  concentrations  decreased  at  wells  OU4W-3,  OU4W-4,  and 
OU4W-10,  which  are  all  in  the  core  of  the  plume.  In  addition,  other  possible  mechanisms  for 
BTEX  increases,  such  as  fluctuating  source  loading,  migration  from  upgradient  sources  or 
plumes,  and  releases  from  remaining  active  sources  (such  as  POL  lines)  will  be  mentioned. 
Because  the  source  of  contamination  in  this  area  is  poorly  constrained,  a  definitive 
explanation  regarding  the  cause(s)  of  the  observed  BTEX  concentration  increases  is  not 
possible. 

6)  Given  the  constraints  on  well  placement,  we  will  eliminate  the  long-term  monitoring 
(LTM)  well  that  was  proposed  for  installation  between  the  runway  and  the  taxiway.  We 
recommend  that  OU4W-12  be  used  as  a  substitute  for  this  well. 

With  respect  to  the  other  comments  regarding  point  of  compliance  (POC)  and  LTM  well 
placement,  the  plan  outlined  in  Section  7  of  the  report  is  still  recommended.  LTM  wells  are 
intended  to  provide  data  throughout  the  length  of  the  plume  and  the  downgradient  treatment 
zones  confirming  that  biodegradation  mechamsms  continue  to  operate,  and  to  further 
quantify  the  rates  of  BTEX  loss.  Therefore,  OU4W-2,  OU4W-4,  and  ESMW-7A  should  still 
be  used  as  LTM  wells,  and  the  three  POC  wells  indicated  on  Figure  7. 1  should  be  installed. 
Given  the  width  of  the  BTEX  plume,  placement  of  a  single  POC  well  to  detect  the  plume 
would  be  risky.  In  addition,  it  is  possible  that  local  variations  in  the  thickness  of  the  outwash 
aquifer  due  to  the  uneven  surface  of  the  Bootlegger  Cove  Formation  could  locally  affect 
ground  water  flow  and  contaminant  migration,  as  indicated  in  Section  3.3.3.S  of  the  report. 


n.  Response  to  comments  by  Louis  Howard,  ADEC 
General  Comments:  No  response  required. 

Comment  on  section  4.3.2. 1 : 
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Biosparging  was  not  evaluated  because  alternate  electron  acceptors  are  present  in 
sufficient  concentrations  in  the  ground  water  to  allow  significant  anaerobic  biodegradation  of 
BTEX  and  therefore  limit  plume  migration.  If  oxygen  were  introduced  into  the  ground  water 
in  sufficient  quantities  to  stimulate  aerobic  biodegradation,  then  DO  would  indeed  be  a 
significant  electron  acceptor. 

Comment  on  Section  5.6.4: 

Model  ELMF  (Section  5.6.4)  was  intended  to  provide  a  “worst-case”  simulation  and  to 
illustrate  that  anaerobic  biodegradation  is  indeed  an  important  factor  to  consider  in  the 
simulation  of  BTEX  transport.  There  was  no  intent  to  “prove  or  disprove”  the  effectiveness 
of  biosparging.  Simulation  of  the  addition  of  DO  would  merely  produce  more  rapid 
degradation  of  the  BTEX  plume  than  was  indicated  by  the  other  model  results. 


m.  Response  to  comments  by  Marcia  Combes,  USEPA,  Region  10 

General  Comments: 

1)  Agree.  This  document  will  now  be  titled  “Treatability  Study  in  Support  of  Intrinsic 
Remediation  for  the  Hangar  10  Site.” 

2)  The  scope  of  work  for  this  study  only  called  for  evaluation  of  the  Hangar  10  plume,  and 
only  with  respect  to  natural  attenuation  of  fuel  hydrocarbon  compounds.  However,  this 
study  should  have  value  with  respect  to  evaluation  of  the  other  plumes,  as  similar  processes 
should  be  operating.  Evaluation  of  natural  attenuation  of  halogenated  compounds  is  also 
beyond  our  scope  of  work. 

A  scenario  involving  all  the  plumes  was  not  incorporated  into  the  sensitivity  analysis 
because  a  sensitivity  analysis  is  only  intended  to  assess  the  effects  of  uncertainty  of  model 
input  parameters  on  the  output  of  a  specific  model.  To  examine  the  commingling  of  all  the 
plumes  present  in  OU4  would  have  required  much  more  field  work  and  a  completely  different 
model  set-up,  which  was  out  of  the  scope  of  our  study. 

The  downgradient  extent  of  the  Hangar  10  plume,  while  not  precisely  defined,  was  defined 
adequately  for  this  study.  Total  BTEX  concentrations  in  wells  south  of  Taxiway  8  were  all 
below  13  ng/L,  and  several  were  below  1  iig/L.  These  concentrations  are  so  low  that  the 
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Bioplume  II  simulation  process  would  result  in  instantaneous  removal  of  these  compounds 
(although  concentrations  could  be  replenished  due  to  migration  from  the  upgradient  areas) 

As  indicated  in  the  draft  report,  the  POC  was  only  selected  for  the  Hangar  10  plume  on 
the  basis  of  the  most  conservative  model  results  As  indicated  in  the  report,  sampling  results 
and  model  results  suggest  that  plume  migration  is  limited  by  natural  attenuation  and  should 
not  reach  the  POC. 

3)  Contamination  of  the  shallow  aquifer  is  addressed  in  the  report;  it  was  assumed  that  the 
shallow  aquifer  is  not  used  as  a  potable  water  supply  and  will  not  be  used  as  such  in  the 
future.  Moreover,  both  remedial  alternatives  reviewed  in  Section  6  include  institutional 
controls  to  prevent  use  of  (and  exposure  to)  contaminated  ground  water.  In  addition,  it 
appeared  that  there  might  be  a  precedent  for  such  actions,  as  suggested  by  USEPA  review 
comments  for  the  Draft  Final  Remedial  Investigation/Feasibility  Study  for  OU2  at  Elmendorf 
AFB  [Jacobs  Engineering  Group,  1994  (Appendix  M,  Comment  2)]: 

The  three  proposed  alternatives  for  ST41  (no  action,  natural  attenuation  with  long¬ 
term  monitoring,  and  collection  and  treatment  with  air  stripping  and  vapor  phase 
carbon  adsorption)  may  be  appropriate  at  this  time  on  the  basis  of  the  risk 
management  decision  by  Elmendorf  AFB.  It  was  determined  that  no  exposure 
pathways  currently  exist  because  the  aquifer  is  neither  currently  used  nor  expected  to 
be  used  as  a  drinking  water  source  in  the  future.  Also,  no  residential  or  commercial 
development  is  platmed  during  the  remediation  period,  and  the  lower  aquifer  is  not 
hydraulically  connected  to  the  shallow,  contaminated  aquifer  based  on  the  results  of  a 
72-hour  aquifer  test  near  ST20. 

Given  this  information,  the  evidence  that  natural  attenuation  is  limiting  plume  migration, 
and  that  implementation  of  intrinsic  remediation  assumes  the  use  of  institutional  controls,  we 
feel  that  the  issue  of  contamination  of  the  shallow  aquifer  is  suitably  addressed. 

4)  Comment  4  was  stricken  from  the  copy  of  comments  received  by  Parsons  ES. 

5)  After  discussing  the  full  scope  of  risk  assessment  and  remedial  alternative  analysis  required 
by  an  engineering  evaluation/cost  analysis  (EE/CA),  the  Base  and  Air  Force  Center  for 
Environmental  Excellence  -  Technology  Transfer  Ditnsion  (AFCEE)  sponsors  have  decided 
to  retitle  this  report  a  treatability  study.  This  report  is  no  longer  intended  to  fulfill  the 
comprehensive  requirements  of  an  EE/CA,  and  is  intended  only  to  assess  natural  attenuation 
of  petroleum  hydrocarbons  in  ground  water.  Alternatives  were  screened  on  the  basis  of 
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APCEE  program  objectives  and  the  scope  of  work  for  this  study  In  light  of  these  objectives 
(see  Section  6  2. 1  of  the  report),  the  next  most  appropriate  alternative  (intrinsic  remediation 
in  conjunction  with  biosparging)  was  also  selected  and  evaluated  for  comparison 

Specific  Comments: 

1)  Section  4.3; 

Well  placement  is  skewed  downgradient  because  the  confirmation  and  quantification  of 
natural  attenuation  requires  definition  of  the  anaerobic  and  aerobic  treatment  zones 
associated  with  the  plume,  as  well  as  the  conditions  upgradient  and  downgradient  of  the 
plume.  It  is  often  simplest  to  delineate  the  treatment  zones  near  the  downgradient  margin  of 
the  plume  because  retardation  of  the  BTEX  compounds  relative  to  electron  acceptor  and 
metabolic  byproduct  concentrations  produces  a  “treatment  shadow”  downgradient  of  the 
BTEX  plume  Electron  acceptor  and  metabolic  byproduct  concentrations  generally  are 
depleted  and  elevated,  respectively,  in  the  “treatment  shadow”.  The  results  presented  by 
Radian  (1994a)  suggested  that  upgradient  wells  were  appropriately  placed  and  provided 
sufficient  information  on  background  ground  water  geochemistry. 

Trends  in  biodegradation  are  clearly  discernible  from  site  data.  Electron  acceptor  (i.e 
DO,  nitrate,  and  sulfate)  and  biodegradation  byproduct  (i.e.  ferrous  iron  and  m.ethane)  data, 
in  conjunction  with  BTEX  and  redox  data,  very  strongly  suggest  that  microbially  mediated 
mineralization  of  BTEX  compounds  is  occurring  at  this  site.  In  particular,  the  data  show  that 
anaerobic  degradation  of  petroleum  hydrocarbons  is  reducing  concentrations  of  nitrate  and 
sulfate  and  enriching  concentrations  of  ferrous  iron  and  methane,  especially  near  the  core  of 
the  plume,  where  BTEX  concentrations  were  observed  to  decrease  between  1993  and  1994 
(at  OU4W3,  OU4W-4,  and  OU4W-10).  In  addition,  data  from  the  anaerobic  core  of  the 
BTEX  plume  were  used  to  calculate  a  first-order  decay  constant  that  was  used  to  simulate 
anaerobic  biodegradation.  This  rate  constant  compared  very  favorably  to  those  observed  by 
workers  at  several  other  sites. 

Additional  confirmation  that  biodegradation  processes  is  occurring  is  provided  by  the 
volatile  fatty  acids  analyses  performed  by  USER  A  Robert  S.  Kerr  Environmental  Research 
Laboratory  personnel  on  water  collected  from  well  OU4W-3  (these  data  were  unavailable  at 
the  time  the  draft  report  was  submitted).  The  fatty  acids  analysis  is  a  GC/MS  method  in 
which  the  samples  are  compared  to  a  mixture  containing  phenols,  aliphatic  acids,  and 
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aromatic  acids  that  are  associated  with  microbial  processes  that  break  down  petroleum 
hydrocarbons  [Cozzarelli  et  al.  (1990)  and  Chapelle  (1993)  provide  summaries  of  these 
processes  and  the  byproducts]  Many  of  these  compounds  were  present,  with  benzoic  acid 
present  in  the  highest  concentration 

Further,  the  fact  that  the  plume  is  only  2,700  to  3,000  feet  long  suggests  that  natural 
attenuation  is  limiting  BTEX  migration.  The  advective  ground  water  velocity  in  the  vicinity 
of  the  Hangar  10  site  is  approximately  1,600  feet/year,  and  the  retarded  velocity  of  the  BTEX 
compounds  is  approximately  850  feet/year  (using  the  conservative  retardation  factor  from  the 
calibrated  Bioplume  II  model).  Contamination  was  first  detected  in  1988  (Black  and  Veatch, 
1990),  so  that  even  if  contaminants  were  introduced  at  that  date  and  moved  at  the  retarded 
velocity,  the  plume  would  be  approximately  5,100  feet  long  in  1994  if  natural  attenuation 
(and  specifically  biodegradation)  was  not  reducing  contaminant  concentrations. 

As  long  as  appropriate  QA/QC  procedures  (eg.,  sample  preservation,  instrument 
calibration,  duplicates,  matrix  spike  analyses)  are  followed  from  the  time  the  samples  are 
collected  through  the  time  they  are  analyzed,  the  use  of  different  analytical  methods  should 
not  produce  incompatible  results.  Therefore,  the  comparison  of  data  collected  in  June  1993 
(EPA  method  8015)  with  data  collected  in  June  1994  (RSKSOP-133)  is  appropriate.  In 
addition,  data  from  the  Black  and  Veatch  (1990)  report  were  not  used  for  any  quantitative 
assessment  of  ground  water  contamination  for  this  study. 

Section  4.3,  Figures  4.1  and  4.2,  and  Tables  4.2  and  4.3: 

For  the  1993  isopleth  map,  HydroPunch®  and  monitoring  well  data  were  combined  in 
order  to  show  the  maximum  extent  and  concentrations  observed  in  1993.  We  feel  that 
HydroPunch®  data  are  comparable  and  useful,  particularly  for  the  spatial  comparisons  and 
order-of-magnitude  comparisons  that  were  made  between  the  1993  and  1994  data  sets. 

We  agree  that  BTEX  concentrations  at  the  indicated  locations  increased  between  1993 
and  1994.  However,  BTEX  concentrations  decreased  at  three  wells  in  the  core  of  the  plume, 
as  indicated  below. 
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Well  Location 

Date  Sampled 

Total  BTEX  (|ig/L) 

OU4W-3 

July  1993 

36  63 

June  1994 

13  67 

OU4W-4 

July  1993 

617  4 

July  1994 

477.64 

OU4W-10 

July  1993 

45.32 

July  1994 

10  36 
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These  decreasing  concentrations  were  observed  in  wells  in  the  core  of  the  plume,  where  • 

electron  acceptor  and  metabolic  byproduct  data  suggest  that  anaerobic  processes  are  actively 
consuming  hydrocarbons.  The  increases  in  BTEX  concentrations  observed  at  the  other  wells 
(closer  to  the  plume  margins)  are  likely  the  result  of  plume  spreading.  In  addition,  other 
possible  mechanisms  for  BTEX  increases,  such  as  fluctuating  source  loading,  migration  from  i 

upgradient  sources  or  plumes,  and  releases  from  remaining  active  sources  (such  as  POL  lines) 
may  be  responsible  for  the  observed  BTEX  increases.  Because  the  source  of  contamination 
in  this  area  is  poorly  constrained,  a  definitive  explanation  regarding  the  cause(s)  of  the 
observed  BTEX  concentration  increases  is  not  possible.  i 

If  the  point  in  comment  #1  regarding  the  interpretation  of  data  collected  using  different 
analytical  methods  is  considered  valid,  then  the  observed  concentration  changes  (increases  or 
decreases)  could  be  a  result  of  the  differing  methods.  However,  as  noted  in  the  reply  to  ^ 

comment  #1,  we  feel  the  data  sets  are  comparable. 

3)  Section  5.7,  pages  5-34  through  5-40; 

Model  ELMC  was  run  to  show  that  even  a  significant  continuous  source  would  not  affect  t 

the  simulated  downgradient  migration  under  the  calibrated  model  conditions.  Model  ELMB 
was  considered  more  realistic  only  in  terms  of  the  maximum  downgradient  extent  that  was 
suggested  by  the  results.  BTEX  sorbed  onto  aquifer  solids  would  essentially  act  as 
continuing  source  of  contamination  that  slowly  migrates  downgradient  and  diminishes  as  • 

biodegradation  consumes  the  BTEX  that  desorbs.  ELMB  results  are  therefore  more  realistic 
(or  perhaps  “conservative”)  because  the  model  indicates  a  greater  migration  distance  (over  a 
longer  period  of  time)  before  natural  attenuation  thoroughly  reduces  BTEX  concentrations. 

This  will  be  clarified  in  the  final  report  text.  B 
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4)  Table  6.2,  page  6-1 1  through  6-14: 

The  original  intent  of  this  study  was  not  to  conduct  a  detailed  remedial  option  evaluation 
as  required  by  an  EE/CA.  Because  the  revised  document  will  not  be  entitled  an  EE/CA, 
these  comments  will  not  be  addressed.  Our  scope  of  work  is  geared  more  towards  the 
evaluation  of  intrinsic  remediation  and  a  general  comparison  with  other  more  aggressive 
remedial  alternatives.  Additional  alternatives  are  considered  to  meet  AFCEE  Program 
objectives  and  to  provide  a  magnitude  of  order  cost  comparison  (see  Section  6.2.1  of  the 
report  document).  In  general,  comparisons  with  other  technologies  are  made  only  to  show 
the  significant  cost  savings  that  could  be  realized  through  the  use  of  intrinsic  bioremediation 
in  place  of  one  or  more  standard  technologies  that  might  also  be  applicable  to  this  site. 
Section  6  is  not  intended  to  fiiUy  describe  and  evaluate  every  potential  remediation  method. 

5)  Table  6.4,  page  6-23: 

This  comment  appears  to  be  directed  at  Elmendorf  AFB  and/or  the  OU4  contractor  rather 
than  Parsons  ES. 


IV.  Response  to  comments  by  Daniel  W.  Kraft,  Booz-Allen  &  Hamilton,  Inc. 

General  Comments:  No  response  necessary. 

Specific  Comments: 

1)  Section  5.4.2,  page  5-13: 

Agree.  The  phrase  “compares  favorably”  will  be  removed  from  the  specified  paragraph, 
and  text  will  be  added  to  explain  why  the  calibrated  model  did  not  reproduce  the  expansion 
of  the  plume  in  the  upgradient  direction.  The  explanation  will  include  a  general  discusaon  of 
the  difficulties  of  reproducing  apparent  upgradient  migration  of  contaminants  using  numerical 
ground  water  contaminant  transport  models  (such  as  Bioplume  II).  Also,  the  possibility  of  an 
undiscovered  upgradient  source  (as  discussed  in  section  4.3. 1  of  the  report)  will  be  reiterated. 

2)  Section  7.1,  page  7- 1 : 

Agree.  The  reference  to  bioventing  will  be  removed. 
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We  found  these  comments  both  constructive  and  informative  and  look  forward  to  further 
comments  regarding  the  intrinsic  remediation  demonstration  program  If  you  have  any  comments, 
or  if  we  can  be  of  further  assistance,  please  do  not  hesitate  to  call  Todd  Wiedemeier  or  Matt 
Swanson  at  (303)  831-81 00. 

Respectfully, 


Todd  H.  Wiedemeier 
Project  Manager 


Matthew  A.  Swanson 
Project  Hydrogeologist 


Attachment 

cc:  Lt.  Col.  Ross  N.  Miller,  AFCEE 

Douglas  Downey,  Parsons  ES 
File  722450.07  Letters 
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Reviewers’  Comments 
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Document:  Intrinsic  Remediation  Engineering  Evaluation/ Cost 

Analysis  for  the  Hanger  10  Site 

Date:  October  1994 

Reviewer:  Sharon  Stone,  ADEC  &  EPA 

Review  Date:  30  November  1994 

General  Comments 

1.  When  copies  are  made  of  an  Air  Force  deliverable  if 
applicable  it  should  be  double  sided  and  on  100%  recycled  paper. 

2.  This  should  be  called  a  Treatablity  Study  and  not  a  EE/CA. 

3.  The  document  appears  to  jump  back  and  forth  between  intrinsic 
remediation  and  natural  attenuation.  If  they  mean  the  same  thing 
only  use  one  word,  if  they  mean  different  things  then  they  need 
to  be  defined  better  up  front. 

4.  It  was  expected  that  the  modeling  done  at  Haingar  10  would  use 
the  same  assumption  (if  applicable)  as  the  Elemdorf  Groundwater 
model,  that  was  already  approved  by  EPA  and  ADEC.  The 
groundwater  modeling  report  was  not  listed  in  the  references  as  a 

#  document  that  was  even  looked  at,  however  Black  and  Veatch  (1990) 
was  and  that  data  is  questionable. 

5.  The  concentrations  for  BETX  seemed  to  go  up  in  OU4-1,  2  &  S. 
This  could  be  because  these  wells  axe  on  the  outer  edge  of  the 
plume  and  we  would  expect  that  over  time  the  plume  would  grow 
some  even  though  the  overall  concentrations  for  all  points  in  the 
plume  would  go  down.  If  this  is  the  reason  this  occurred  add  to 
text.  If  this  is  not  the  reason  then  explain  why  this  happened. 

6.  Figure  7.1.  Can  not  put  a  LTM  well  between  taxiway  and 
runway.  The  well  was  supposed  to  be  installed  during  the  field 
effort  1994.  I  would  say  that  we  use  ESMW-6A,  ESMW-7A,  W-9, 
OCJ4W-12,  and  one  POC. 


Post-it*  Fax  Note  7671 

CaJO^pt.  p  ^ 

5  ^Prc/ce'4  2- 

?r3\^s-ioc 

L-bo%)>  S51- 

'"***  f  ?o7j?^2-JS33 

wo. 


M<irf+V>e 


O  vA».n-r  be  able  ^ 


tc-x 


/<^5 


DEC-02-94  FRI  08:34 


FAX  NO.  9075521533 


DEPT.  OF  EK  VlROltMElVTAL  CONSERVATION 


P.02 

WALTEHJ.  HICKEL,  GQVERtiOP 
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Contaminated  Site  Programs  Fax:  (907)  273-4331 

Department  of  Defense  pACRjnES 
3601  c  Street  surre  1334 
anchorage,  Alaska  99503 
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RETURN  RECEIPT  REQUESTED 
NO.  P  521  089  065 


November  30,  1994 


Ms.  Sharon  Stone 
HQ  3  SPTGyCEVR 
22040  Maple  Street 
Elmandoff  AFB,  AK  99506-3240 

Re:  Intrinsic  Remediation  Engineering  Evaluation/Cost  Analysis  Hangar  10, 
Elmendorf  AFB,  October  1994 

Dear  Sharon; 

The  Alaska  Department  of  Environmental  Conservation  (ADEC)  has  received  the 
above  mentioned  document  for  Bmendorf  Air  Force  Base  (EAFB)  on  October  26, 
1994.  ADEC  has  the  following  comments  on  the  document 

General  Comments 

Intrinsic  remediation  (natural  attenuation)  coupled  with  long  term  monitoring  and 
institutional  controls  appears  to  be  a  feasible  option  as  presented  in  the  modeling  for 
the  BTEX  contaminated  ground  water  at  hangar  10  in  Operable  Unit  4.  ADEC 
concurs  that  if  the  POC  wells  Indicate  BTEX  in  the  ground  water  exceed  the  federal 
regulatory  standards  then  additional  corrective  action  will  be  necesaary  to  remediate 
the  ground  water  at  the  site. 

4.3.2.1  Dissolved  Oxygen  page  4-12 

The  text  states  the  low  dissolved  oxygen  (DO)  concentrations  (0.8  mgA.)  will  be 
assumed  to  be  background  for  modeling  purposes.  This  DO  level  is  realistic  if  one 
were  not  to  consider  using  blosparglng  as  a  remedial  action  technology.  However,  by 
not  utilizing  a  modeling  scenario  where  the  DO  level  is  increased  (i.e.  through 
biosparging),  the  statement  that  "...DO  may  not  be  the  most  important  electron 
acceptor  in  toe  Hangar  10  vicinity."  could  be  Incorrect 
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November  30, 1994 


6.6.4  No  Anaerobic  Degradation  (Model  ELMF)  page  5-34 
The  text  states  anaerobic  decay  co-efficient  was  set  to  zero  so  only  aerobic 
biodegradation  was  simulated.  Using  the  low  DO  level  of  0.8  mg/L  as  background  is 
not  appropriate  for  this  scenario  if  it  is  to  prove  or  disprove  biosparging  as  a  remedial 
action.  The  modeling  scenario  should  Include  DO  concentrations  at  a  higher  level  to 
better  simulate  biosparging  of  the  BTEX  plume  contaminants  in  the  vicinity  of  Hangar 
10- 

Please  call  me  If  you  have  any  questions  regarding  this  letter  at  563-6529. 
f  Sincerely, 

Louis  Howard 
Environmental  Specialist 

LH/jr/el 

cc:  Marcia  Combes,  EPA-AK  Operations  Office 
Chris  Cora,  EPA  Region  X,  Seattle  HW-124 
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UNITED  STATES  ENVIRONMENTAL  PROTECTION  AGENCY 
REGION  10 

Alaska  Opdmtions  Office 
Room  537,  Federal  Building 
222  W.  7*  Avenue,  #19 
Anchorage.  Alaska  99513-7588 
November  16,  1994 


Mr.  Joe  Williamson 
Ms .  Sharon  Stone 
HQ  3rd  Support  Group 
Civil  Engineering 
22040  Maple  St 

Elmendorf  AFB,  AK  99506-3240 
Dear  Mr.  Williamson  and  Ms.  Stone: 

EPA  has  reviewed  the  Elmendorf  Air  Force  Base,  Alaska,  Draft 
Intrijjsic  Remediation  Engineering  -Evaluation/Cost  Analysis  for 
Eangar  10  Site,  dated  October  1994.  The  review  was  based  on 
overall  technical  adequacy  of  the  document,  as  well  as 
applicability  to  the  selection  of  the  preferred  alternative  for 
f  groundwater  remediation  at  the  Hangar  11  site,  within  Operable 
Unit  4  (OU4) .  General  comments  are  followed  by  specific 
comments . 


GENERAI.  COHHENTS 

1.  Entitling  the  document  an  Engineering  Evaluation/ Cost 
Analysis  (EE/CA)  is  confusing  and  misleading.  In  all  past 
discussions,  this  document  has  been  consistently  referred  to 
as  a  "treatability  study".  An  EE/CA  typically  applies  to 
the  euialysis  of  removal  alternatives  for  a  site;  this  EE/CA 
does  not  follow  the  1993  EPA  guidance  for  EE/CA  structxire, 
content,  and  goals-  EPA  understood  the  purpose  of  this 
study  was  to  evaluate  whether  or  not  intrinsic  remediation 
was  occurring  for  contaminated  groundwater  within  OU4 ,  in 
effect,  a  treatability  study. 

2.  The  EE/CA  only  evaluates  the  Hangar  10  plume.  The  RI  report 
(Radian  Corporation  1994)  recommends  evaluating  remedial 
actions  for  groundwater  contamination  in  the  Fire  Training 
Area  (FTA)  ,  Hangeu:  14,  Hangeuc  11,  and  Hangar  8  in  addition 
to  Hangar  10.  RI  results  for  the  FTA  indicate  HVOC  and 
NHVOC  plumes  in  exceedemce  of  MCLs  within  approximately  500 
feet  of  the  Hangar  lO  and  Hang<ir  11  plumes.  Further,  the 
downgradient  ■  extent  of  the  Hangeur  lo  plume  is  poorly 
defined,  and  downgradient  extent  of  the  HcOigar  11  plxome  is 
not  defined  at  all. 

Seasonal  variations  in  the  water  table  flow  directions, 
lateral  dispersion,  and  overall  plume  migration  will  tend  to 
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commingle  these  cont-aminant  plumes  through  time,  presenting 
a  different  situati  from  the  June  1993  to  June  1994 
timeframe  modeled.  This  has  not  been  acknowledged  or 
incorporated  into  the  sensitivity  analysis. 

The  collective  potential  effects  of  these  plumes,  combined 
with  a  point  of  compliance  1,750  feet  downgradient  of  the 
leading  edge  of  the  existing  Hangar  10,  plume  would 
contaminate  a  previously  potable  water  supply  over  an 
extremely  large  area.  This  potential  has  not,  and  should  be 
addressed. 

3 .  This  EE/CA  appears  to  only  consider  the  potential  for 

release  of  contaminated  groundwater  to  Ship  Creek-  The 
short-term  euid  long-term  contamination  of  a  previously 
potable  water  supply  does  not  appear  to  be  considered.  The 
goal  of  this  action  and  future  potential  actions  should  be 
the  protection  of  groundwater  through  minimizing  groundwater 
plume  expansion,  as  well  as  the  protection  of  surface  water. 


5.  Technologies,  actions,  and  process  options  cire  not 

adequately  screened  to  demonstrate  that  the  best  remedial 
alternatives  have  been  identified.  Many  potentially  viable 
technologies  have  been  screened  out  without  adequate 
justification.  Although  the  purpose  of  the  EE/CA  is. to 
evaluate  a  limited  number  of  alternatives,  it  should 
demonstrate  that  those  retained  represent  the  most 
appropriate  technologies  for  the  site. 
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SPECIFIC  COMMENTS 

1.  Section  4.3,  pages  4-5  through  4-27 

Many  of  the  wells  sampled  during  the  Jtine  1994  sampling 
event  are  more  than  1,000  feet  downgradient  of  the  potential 
Hangar  10  source  are2is.  This  may  skew  the  presented  data 
used  to  demonstrate  degradation.  Additionally,  the  data  set 
is  so  limited  that  trends  in  degradation  or  other  influences 
on  contamination  are  not  reliably  discemable.  Also,  three 
different  analytical  methods  have  been  used  in  the  case  of 
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moni'toiri.n^  well  W— 18  •  Samples  collected  In  1988  were 
analyzed  by  EPA  method  602  .(Black  and  Veatch  1990)  .  Samples 
collected  in  June  1993  were  analyzed  by  EPA  method  8015 
(Radian  Corporation  1994) ^  and  according  to  the  EE/CA, 
samples  collected  in  June  1994  were  analyzed  by  method 
RSKSOP-13  3.  These  discrepancies  meike  the  interpretations  of 
these  data  questionable, 

2.  Section  4.3,  Figures  4.1  and  4.2  and  Tables  4.2  and  4-3 


The  isopleth  maps  (Figures  4-1  and  4-2)  of  total  BTEX  are 
misleading.  Different  data  points  were  used  (including 
different  types  of  data  such  as  KydroPunch™  and  monitoring 
wells) ,  and  only  a  limited  number  of  repeated  data  points 
were  used.  These  maps  appear  to  show  degradation  of  the 
plume.  When  the  actual  data  are  reviewed,  the  results  from 
several  of  the  monitoring  wells  sampled  repeatedly  actually 
show  an  increase.  The  following  table  illustrates  this 
increase; 


1  OU4W-1 

6/93 

2.31 

6/94 

12.99 

OU4W-5 

6/93 

5 . 19 

6/94 

20.48 

OU4W-2 

6/93 

2.64 

6/94 

47.89 

W-18 

6/93 

2.15 

6/94 

99.24 

3-  Section  5-7,  pages  5-34  through  S-40 

The  text  states  that  the  simulated  model  ELMB  results  are 
likely  to  be  more  realistic,  because  there  may  be  a 
continuing  source  of  BTEX  contamination  and  contamination 
will  sorb  onto  the  aquifer  matrix  and  eventually  desorb  and 
re-enter  solution-  Model  ELMB  was  run  with  the  anaerobic 
decay  coefficient  reduced  by  one-half.  Model  ELMC  assumed  a 
continuing  source  of  contamination.  The  results  of  the  two 
models  vary  dramatically,  and  it  is  unclear  why  the  report 
concludes  that  model  ELMB  results  can  be  considered 
realistic. 
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4.  TiLble  6.2,  page  6>il  through  6-X4 

Table  6.2  presents  an  inadequate  discvission  of  remedial 

alternatives  and  eliminates  several  of  them  with  poorly 

supported  reasoning,  as  detailed  below: 

<»  Institutional  controls  -  Intrinsic  remediation  should 
be  moved  to  this  row  under  the  land  use 

control /regulate  well  permits  process  option;  it  should 
be  referred  to  as  "natural  attenuation" 

•  Passive  drain  collection  -  This  process  option  should 
be  more  fully  described  and  its  implementability  should 
be  evaluated.  The  table  states  that  there  are  "no 
likely  receptors  downgradient  of  site"  auid  that 
"installation  could  disrupt  base  operations."  Although 
the  statements  are  true  of  all  the  process  options  that 
involve  construction,  they  are  not  adequate  reasons  to 
screen  this  process  out. 

•  Minimum  pumping/gradient  control  -  The  fact  that  there 
are  no  likely  receptors  downgradient  is  not  unique  to 
this  process  nor  is  it  an  adequate  reason  to  eliminate 
it.  The  process  should  be  considered. 

•  Biologically  active  zones  -•  A  reason  should  be  provided 
for  screening  this  option  out. 

•  Air  sp2Lrging  -  This  technology  should  be  particularly 
well  suited  for  this  site  because  of  the  highly 
permeable  and  homogeneous  soil.  It  is  not  demonstrated 
that  the  limited  radivis  of  the  influence  for  an  air 
sparging  well  is  any  more  of  a  problem  that  it  would  be 
for  biosparging,  which  was  retained. 

•  Air  stripping  -  The  way  the  statement  regarding  cost 
effective  technology  applies  to  implementability  is  not 
clear,  and  the  need  for  an  air  emissions  permit  is  no 
reason  to  eliminate  this  process. 

•  Activated  carbon.  -  The  meaning  of  "more  concentrated 
BTEX"  is  unclear.  Also,  the  reason  for  describing 
carbon  disposal  an  insurmountedjle  problem  should  be 
provided . 

•  Vertical  injection  wells  -  It  should  be  stated  why  the 
need  for  large  trenches  or  injection  well  permitting 
warrant  eliminating  this  option. 

•  '  Source  removal/soil  remediation  -  This  entire  general 

response  action  can  be  eliminated  because  the  source 
cannot  be  located. 
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Each  process  option  or  action  should  be  re-evaluated  to  more 
thoroughly  address  implementability ,  effectiveness/  and 
cost.  Technologies  should  only  be  eliminated  if  they  zire 
deficient  in  implementability  or  effectiveness. 

5.  Table  6.4,.  page  6-23 

This  table  presents  the  cost  estimate  for  Alternative  2, 
Biosparging,  intrinsic  Remediation  and  Institutional 
Controls  with  Long-Term  Ground  Water  Monitoring,  for  the 
Hangar  10  groundwater  plume-  Total  present  worth,  for  this 
alternative  is  estimated  to  be  $588,000-  The  proposed  plan 
for  0U4  estimates  the  cost  of  in  place  air  sparging  to  be 
$3.7  million.  In  order  to  properly  evaluate  air  sparging  as 
an  alternative,  costs  presented  in  the  proposed  plan  should 
be  presented  for  each  source  area,  similar  to  the  EE/CA. 


Based  on  Lh<J~uumiaeftto  abovo- — it  io  dirriuiXlt:  to  Jii'eotly 
-apply  the  results  uf  Llni.  EE/CA  to  the  Hangar  11  groundwater 

p4ume - Tho  Hangar  il  plimp  i.s— nar-/r.learly  ■delineatod;-•t=ho-modp^>- 

run  do  not  reflect  exiating  condif-inns  a-tr  Hangar— l-l — (-o.g.-, — h7gV<or- 

r-nnr^Tm' nnn-t-- potential  effac-t-g  irfi— i  »iiT  I  p:rrr 
pln-mop.  f  i-mitii  i  ngT  i  ng  nf  ni-hor  contaminants-  (mmrr-Hid  WT-Wm-u) 

has  not-been  aoncidarod-or-modolod,- — and- tho— coreeniHg -out  u£  - 

^  - TTii-rt-hio'p.  the  Operable 

Hnit  5 — (-005-) — Re  curd -of  Pec-ision  -(1:100) — is— premlst^d.  un— the,  fart 
that  upgiiadieirtr  sources ■  will  be- ■eonterolled, — and  that  deij-j  not— 
appoag  to  be — Llxe  casc~xi'i  OU 4  i 

If  you  would  like  to  arrange  a  meeting  to  discuss  these 
issues  f\irther,  please  contact  me  at  (907)  271-3622. 


Sincerely, 


Marcia  Combes 

Remedial  Project  Manager 


cc:  c.  Psyk,  EPA 

J.  Roberts,  ADEC 
L.  Howard,  ADEC 
File,  HW-124 
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Lt.  Col.  Ross  Miller 
Technology  Transfer  Division 
AFCEE/ERT 

8001  Arnold  Drive,  Building  642 
Brooks  Air  Force  Base,  TX  78235-5357 


^  Subject:  ’  AFCEE  Contract  No.  F41624-94-C-8Q13.  TDA  #  ERD  94-05-001/02. 

Review  of  the  Draft  Intrinsic  Remediation  Engineering  Evaluatiort/Cost  Analysis 
for  the  Hanear  10  Site.  Elmendorf  Air  Force  Base.  Anchorage.  Alaska 

Deliverable#;  95D0S01.07 

€  9 

Dear  Lt.  Col.  Miller : 

Enclosed  please  find  Booz-Allen  &  Hamilton’s  review  of  the  subject  deliverable.  The 
4  document  was  prepared  for  AFCEE  and  the  base  by  Parsons  Engineering  Science,  Inc.,  and  was 

dated  October  1994.  The  document  was  reviewed  for  completeness  and  technical  compliance 
with  the  appropriate  guidance  documents,  including  the  AFCEE  draft  Technical  Protocol  for 
Implementing  the  Intrinsic  Remediation  with  Long-Term  Monitoring  Option  for  Natural 
Attenuation  of  Dissolved-Phase  Fuel  Contamination  in  Ground  Water. 

*  The  document  is  well  written  and  provided  a  thorough  description  of  the  modeling 
procedure.  The  comparison  of  model  predictions  with  observed  conditions  was  well  explained  in 
most  instances.  The  sensitivity  analysis  aptly  demonstrated  that  even  under  conservative 
conditions,  the  dissolved-phase  plume  would  not  have  an  environmental  impact  and  provided  a 
strong  basis  for  the  selecdon  of  intrinsic  remediation  in  the  Comparative  Analysis  of  Remedial 

*  Alternatives  section.  The  enclosed  comments  discuss  deficiencies  noted  in  the  text.  If  you  have 
any  questions  or  comments,  please  contact  me  at  (210)  244-4265. 
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Sincerely. 


Daniel  W.  Kraft  B002-ALLEN  &  HAMILTON  INC. 

Associate 


cc:  HSC/PKV  (Mr.  Watts)  w/o  attachment 

AFCEE/ERS  (Mr.  Garza) 
AFCEE/ERT  (Mr.  Taffinder) 
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Intrinsic  Remediation 

Engineering  Evalnation/Cost  Analysis  (EE/CA) 

Ebngar  lOSite 

Elmendorf  Air  Force  Base,  Alaska 
October  1994 

Review  Comments 

General  Comments  -  The  EE/CA  is  well  written  and  provides  a  thorough  description  of 
the  modeling  procedure  and  a  sound  analysis  for  the  majority  of  the  results. 

Spectfic  Comments  -  The  following  comments  refer  to  die  indicated  sections  of  the 
EE/CA. 


Commeni 

Number 

J 


Page 

Number 

5-13 


Section 

Number 

5.4.2 


Comment 

The  staiemeat  that  the  calibrated  model  plume  “compares  favorably"  with 
the  observed  BTEX  plume  is  too  relative.  Since  it  was  stated  in  the 
previous  paragraph  that  “the  BTEX  plume  was  calibrated  reasonably 
well”,  (he  phr^  “compares  fovorably”  should  be  eliminated.  During  the 
one-year  period  between  the  1993  and  1994  sampling  events,  the 
ved  dissolved-phaac  hydrocarbon  plume  migraied  to  the  north- 
northwest.  in  an  upgiadient  direction,  and  the  observed  concentrations 
increased  in  the  immediate  vicinity  of  Hangar  10.  The  model  results  do 
not  cotrespond  to  the  observed  expansion  of  the  plume  in  the  upgradient 
direction.  This  observation  should  be  noted  in  the  text  and  an  explanation 
(not  necessarily  a  justification)  discussing  this  discrepancy  should  be 
provided. _ 

The  reference  in  the  first  paragraph  to  bioventins  should  be  removed. 
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